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3 1.0 OVERVIEW

1.1. Introduction

This report presents the characterization plan developed in accordance
with the methodology identified in the Task 3 Report. This report

synthesizes information from a wide variety of sources to identify the
current knowledge about each of the sites; and presents an evaluation of

* available data applicability to the site characterization process.

A primary objective of this task is the identification of where itI might be possible to combine or aggregate sites to improve the cost
effectiveness of the site characterization process. The information5 contained in this report will form the basis for the development of cost
data in Task 6.

I 1.2 General Description of the Hanford Reservation

3 The semiarid Hanford Site, operated by Westinghouse Hanford Company for
the DOE, occupies about 1,476 square kilometers (570 sq mi) of the south-
eastern part of Washington State north of where the Yakima River flows into
the Columbia (see Figure 2.1). The Site lies about 320 kilometers (200 mi)
east of Portland, Oregon, 270 kilometers (170 mi) southeast of Seattle,

Washington, and 200 kilometers (125 mi) southwest of Spokane, Washington.

Established in 1943, the Hanford Site was originally designed, built,
and operated to produce plutonium for nuclear weapons using production
reactors and chemical reprocessing plants. Since then, waste management,

energy research and development, isotope use, and other activities have been
added to Hanford operations.

1.2.1 Historical and Current-Operations at the Site

I In 1943, after the Fermi experiment at the University of Chicago showed
that nuclear fission could be controlled in a small reactor, the U.S. Army3 Corps of Engineers selected Hanford as one of the location to build larger
versions of the Fermi reactor to produce plutonium for possible use in
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military weapons. Construction started in 1943 on three reactor facilities
and three chemical processing facilities. The first of the reactors wentI into operation about 18 months after the start of construction, and the
first plutonium was available some 4 months later.

After World War II, five reactors similar to those built during the war
were constructed. A total of eight graphite-moderated reactors used the

Coluumbia River for once-through cooling (i.e., water circulated through the
reactors only once before being released back to the river).

Early in the 1950s construction began on the research and development
facilities known as the Hanford Laboratories. This marked the first

diversification of Hanford from a purely defense-materials production
facility to one heavily involved in peacetime uses of the atom.

In 1963 the N Reactor was built. The N Reactor is different from the
other eight reactors in that it generates steam as a by-product of the

plutonium production and does not use river water as a once-through coolant.
Since 1966 the Washington Public Power Supply System has used the steam to1 generate electricity.

3 A presidential decision was made in early 1964 to begin shutting down
the older Hanford reactors. This decision resulted in the closing down of
all eight of the older reactors by the end of 1971, leaving the N Reactor as

the only operational production reactor.

5 Historical practices and operational changes of particular interest to
this study are as follows:

0 shutdown of the last of eight once-through cooled production
reactors (adjacent to the Columbia River) in 1971

o substitution of a bismuth phosphate precipitation process with
solvent extraction chemical reprocessing in 1956 (and associated

replacement of bismuth phosphate first- and second-cycle wastes
with solvent wastes)
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o segregation of transuranic solid waste, stored for later shipment5 off site,beginning in 1970 by DOE Order

0 termination of routine liquid discharges containing transuranics
to the soil column in 1973

0 consolidation of all radioactive solid-waste disposals in all
Hanford areas to the 200 Areas and of all nonradioactive'I trash/chemicals to the Central Landfill (an area near the center
of the site) in 1973.

As a result of these process changes and new DOE requirements, the
sites of most interest to this study are those established early in theI history of Hanford's waste-management operations. Current disposal
practices at Hanford have not resulted in measurable public health impacts3 (Price et al. 1984, 1985; Price 1986; Cline et al. 1985).

3 1.2.2 General Description of Inactive Waste Disposal Sites

Discussions of site characteristics, waste inventories and sites3 selected for Phase II characterization are contained in Subsections 1.2.2.1,
1.2.2.2 and 1.2.2.3, respectively.

I 1.2.2.1 Site Characteristics

3 The operations at the Hanford Site have produced various low-level
radioactive and chemical solid and liquid wastes. Most of the wastes have3 been stored on-site or disposed of on-site in the soil column. A total of
337 inactive waste disposal sites have been identified at the Hanford Site.

I Twenty-one of the inactive sites (6%) were used to dispose of
nonradioactive wastes only. Thirty-three more (10%) received predominantlyI water and radionuclides (100-Area reactor coolant and ruptured fuel
effluents). The remainder of the Hanford waste-disposal sites (84%) contain
a mixture of radionuclides and chemicals. Approximately three-quarters of

Hanford's disposal sites were used to dispose of liquids.
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The sites occupy surface areas ranging from 0.02 square meters (0.2 sq
ft) to more than 15 hectares (37 acres) and were in service for periods

ranging from a few days to 32 years. In total, the inactive waste-disposal
sites occupy 1,416 hectares (3,500 acres), approximately 1% of Hanford's3 total area. The average depth to ground water from the surface of inactive
waste-disposal sites varied from about 13 meters (43 ft) in the 300 Areas to5 73 meters (240 ft) in the 200 Areas.

The Hanford Site is divided into 14 major operational areas. The nine1 100 Operational Areas each contain one production reactor facility of which
only one remains in operation. The nine 100 Operational Areas (Reactor) areI all located along the Columbia River in the northern part of the Hanford
Reservation. The two 200 Operational Areas contain reactor fuel processing,
plutonium separation, and waste management facilities. Both 200 (WasteI Management) Operational Areas are located near the center of the Hanford
Reservation on the Central Plateau approximately 7 miles from the Columbia3 River. The 300 (Fuel Manufacturing) Operational Area contains reactor fuel
manufacturing facilities. It is located along the Columbia River
approximately 1 mile north of the Richland city limits. The 400 OperationalI Area contains an experimental reactor and associated support facilities. It
is located in the southeast section of the Hanford Reservation approximately34.5 miles from the Columbia River. The 600 Operational Area consist of the
rest of the Hanford Reservation that is not located in the other operational
areas. Figure 1-1 shows the general locations of the operational areas

within the Hanford Reservation. More detailed maps of the 100, 200 and 300
areas are presented in Figures 1-2 through 1-10.

Approximately 67% of the inactive waste disposal sites are located
within or just outside of the 200 Operational Areas (East and West).

Approximately 25% of the inactive sites are located within or just outside
of the nine 100 Operational Areas (B, C, 0, DR, KE, KW, F, H and N). The3 remaining 8% of the sites are located in the remaining operational areas

(3090, 400 and 600).

I Radioactive and nonradioactive wastes are stored or disposed of in a
variety of disposal structures. The most prevalent systems, by areaI serviced, include burial grounds (100 and 600 Areas), cribs (200 Areas), and
liquid-waste trenches (300 Area).

I 1-4
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1.2.2.2 Waste Inventory

U The inactive waste-disposal sites received an estimated 1.6 billion
cubic meters (422 billion gallons) of aqueous wastes and 140,000 cubic3 meters 183,000 cubic yards) of solids, containing 75,000 metric tons of
chemicals and 90,000 curies of radionuclides altogether. (The basis for
these numbers is published literature and process estimates (Ref. 1). The

associated uncertainty of the estimates is unknown.)

3 Although the quantity of chemicals disposed of in solid-waste disposal
sites is unknown, it is estimated that the following contaminants and3 quantities were disposed of in liquid-waste disposal sites during routine
plant operations (Ref. 1):

Quantity Quantity

Contaminant (metric tons) (tons)

3Nitrate 63,000 69,445
Phosphate 4,400 4,850
Sulfate 3,000 3,307INitrite 2,200 2,425
Fluoride 970 1,0693Organic carbon 760 837
Chromium (VI) 260 287

I A variety of radionuclides are also stored or disposed of in both solid-
and liquid-waste disposal sites. The most significant quantities (decayed to3 current values) of radionuclides include:

Quantity
Radionuclide (curies)

I 239Pu 29,900
137cs28,000

3 90Sr 23,700
240PU8,000
238U 200

I 1-15



U These inventories were obtained through a combination of records search

and estimates based on knowledge of the processes used. The uncertainty

associated with these estimates is unknown but may be significant.

3 1.2.2.3 Selection of Sites for Phase II Characterization

Very little direct evidence exists to indicate if inactive waste sitesI have contaminated groundwater or surface waters. Application in Phase I of
EPA's Hazard Ranking System (HRS) and the DOE's modified Hazard Ranking3 System (mHRS) to Hanford's 337 inactive waste-disposal sites resulted in 81
sites receiving scores greater than 28.5 and 256 sites with scores less than
28.5. (The score of 28.5 out of a possible 100 is an arbitrary cutoff

established by EPA as the point at which further action for potential CERCLA
sites may be required.) The 81 Hanford inactive waste-disposal sites3 ranking greater than 28.5 will all be characterized in Phase II. The sites
had all received liquids containing radionuclides and/or chemicals. They were
ranked high because they were suspected of having had releases to ground

water and surface waters in the past. Most of these sites were designed and
first operated in the 1940s and 1950s. Most of the sites received and3 transferred to the soil column large volumes of liquid waste.

3 1.3 Contaminant Migration From CERCLA Sites

The observed releases from CERCLA sites are the cause of concern for3 potential contamination of water supplies tapping the groundwater or having
surface water intakes in the path of contaminant plumes originating in the
vacinity of the inactive waste sites. The principal concern in the 100 area

is the remobilization of cobalt-60 in the sediments of the Columbia River;
and the movement of chromium, iodine-129, cobalt-60, and strontium-903through the groundwater into the surface water of the Columbia River. In
the 200 Area, there are observed elevations of nitrates, tritium, iodine-
129, carbon tetrachloride, cyanide, and uranium. In the 300 area, the

observed releases of uranium, chromium, fluoride, TCE, and 1-2-DCE to
groundwater, as well as release of copper to surface water, are of concern.
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2. SITE CHARACTERIZATION PLANS

I 2.1 Overview

3 Information to characterize CERCLA sites fall into four general cate-

gori es:

I1. Environmental Setting - These data characterize the regional
aspects of the area that impact the movement of contaminants from3 the site and the potential of exposure to them. They include
topography, regional hydrologic characteristics, meteorology,
biota, soil type, among others. Secondary data sources contain

sufficient information to define the environmental setting of the
Hanford site.

2. Hazardous and Radioactive Substances - These data characterize the
wastes disposed at the sites and include chemical constituents,

concentrations, and the nature of the depositories. Secondary
data sources provide some of this information at Hanford.

3. Environmental Concentrations - These data define the extent,
direction, and rate of migration of contaminants in the ground,

water, and air. Extensive sampling will be needed to develop a
sufficient data base of environmental concentrations at the3 Hanford site.

4. Potential Impacts on Receptions - These data describe the humanI population likely to be exposed to contaminants and the pathways
through which the exposure is likely to occur. Available demo-3 graphic information and the findings from the environmental
sampling activities will provide the basis for making these3 assessments at Hanford.

The information developed during the site characterization is used to3 help in identifying applicable and feasible remedial actions. As indicated
above, most of the effort to fully characterize the Hanford site will be3 concentrated in the tasks to collect and analyze the environmental samples
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taken in and around the ponds, ditches, trenches, cribs, french drains, and

reverse wells used to dispose of the wastes.

This section of the Task 4 report is divided into three parts. First,3 the degree and extent of the environmental problems are briefly discussed

and the pathways of likely exposure identified. Second, the adequacy of the

* available data in the four categories of information needed to characterize

the site is evaluated. Third, a plan is presented for gathering the addi-

tional data needed to fully define and evaluate the environmental setting,I hazardous substances, environmental concentrations and receptor impacts at

the Hanford site. This section also includes a schedule for conducting the

* site characterization.

1 2.2 Problem Identification

Existing information indicates that contamination of the surface and

* subsurface environments at the Hanford Reservation site poses a potential

threat to human population (in the 300 Area and in Richland, Washington).

During operation of the 100, 200 and 300 Areas of the Hanford Reservation,

I liquid hazardous waste and radioactive waste were deposited at a variety of
disposal facilities which included trenches, ponds, cribs, ditches, and3 reverse wells. Many of the trenches, ponds, and ditch facilities were

unlined and remained uncovered after they were retired. Because of the

general permeability and porosity of the underlying sediments, contaminantsI have migrated into the groundwater and plumes have begun to be identified.
Current well log data may show evidence of the spreading of contamination3 plumes.

2.3 Adequacy of the Existing Data

The extent and completeness of the available data to characterize the3 site is discussed below:

3 2.3.1 Environmental Setting

The information needed to understand the environmental setting of the

* Hanford Reservation and the surrounding area is assessed in this subsection.
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The information required for the environmental setting must be suffi-

cient to allow an understanding of the factors impacting the source of

contamination to the potential receptor; and the movement of the contaminant
through the environment. The documents listed below and a few supplemental3 reports are sufficient to define the environmental setting. (It should be
noted that information for the 200 Area is more extensive than for the other3 Hanford Reservation areas.)

Regional geology is essential to a discussion of the environmental3 setting. This includes information on the stratigraphy and structure of the
area along with information regarding seismicity and tectonics. Also3 included should be information about geomorphology, geochemistry and soils.

Another important aspect of the regional setting is geohydrologic and3 hydrologic conditions. This discussion should address surface water condi-
tions and characteristics, groundwater flow, pathways and bedrock structures
and sources of drinking water including information dealing with confined

and unconfined aquifers and vadose zone characteristics.

3 Information on meteorological and air quality conditions are also key
elements of this section of the site characterization. Within this section
wind direction and speed should be addressed along with the ranges of

temperature and humidity, precipitation and dispersion conditions.
Terrestrial and aquatic ecosystems also have a role in the regional dis-3 cussion. These include environmental quality, agricultural and other land
use, vegetation and radiological conditions. Discussion should also include3 area mammals, birds, reptiles, insects, amphibians, and all threatened and
endangered species.

3 Additionally, a discussion of natural resources such as archaeological,
cultural and historical resources should be included. A discussion of3 population density and distribution and possible socioeconomic conditions
may also be included.

3 For the Hanford Reservation and the surrounding area, information of
the kind described above can be found in four documents.
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o U.S. Department of Energy (U.S. DOE). Draft Phase I Installation

Assessment of Inactive Waste-Disposal Sites at Hanford. Volume I.

Methods and Analysis. Washington, D.C. July 1986.

30 United States Energy Research and Development Administration.
Final Environmental Statement - Waste Management Operations

Hanford - Reservation, Richland, Washington. ERDA-1538 UC7O.

December 1975.

o U.S. Department of Energy. Environmental Assessment Reference

Repository Location Hanford Site Washington. Volume I of 3.

DOE/RW-0070. Washington, D.C. May 1986.

0 U.S. Department of Energy. Environmental Assessment Reference3 Repository Location Hanford Site Washington. Volume II of 3.
DOE/RW-0070. Washington, D.C. May 1986.

I 2.3.2 Hazardous and Radioactive Substances

3 Chemical and radioactive waste disposal inventories from documented
sources are available for each source within the 100, 200 and 300 Areas.
There are indications, however, that undocumented release to the sites also

took place. Key constituents and concentrations of the chemicals and radio-
nucl ides are given in these documented inventories. Volumes of liquid waste3 disposed of at the disposal sites are listed along with the nature of the
disposal site. Radioactive materials releases and unplanned releases (i.e.,3 spills, etc.) information is present in the documents that were reviewed
under this task. In addition, well logs are needed for existing wells. The

* availability of this information could not be determined.

The following documents contain chemical and radionuclide inventories:

o U.S. Department of Energy (U.S. DOE). Draft Phase I Installation
Assessment of Inactive Waste-Disposal Sites at Hanford. Volume I.I Methods and Analysis. Washington, D.C. July 1986.
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0 U.S. Department of Energy (U.S. DOE). Draft Phase I Installation
Assessment of Inactive Waste-Disposal Sites at Hanford. Volume

II. HISS Data base. Washington, D.C. July 1986.

o United States Energy Research and Development Administration.

Final Environmental Statement - Waste Management Operations
Hanford - Reservation, Richland, Washington. ERDA-1538 UC7O.

December 1975.

The 200 Areas of the Hanford Reservation are better documented than either
the 100 or the 300 Areas.

I 2.3.3 Environmental Concentrations

3 Table 2-1 lists the data needed to determine the type and extent of
contamination at the Hanford site. The table also evaluates the utility of
the environmental data available from past studies to make these

determinations. The evaluations are based on a thorough examination of the
environmental data reported in the various studies conducted to date. The

l~evaluations assess whether:

1) Little or no data is available and a complete sampling effort isI needed

*2) Sampling is needed to supplement the existing data base

*3) Enough quality data is already available and no further sampling
is needed.

IThis evaluation provides a basis for developing in the following section the
sampling recommendations for generating the additional information to fully

* characterize the environmental condition of the sites.

2.3.4 Potential Impacts on Receptors

A quantitative risk assessment requires environmental, toxicological
and exposure information. This information is used to assess the degree of

I 2-5
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degradation in environmental quality and to determine the potential risk toU receptors in the environment.

Some information is available to help make these assessments. This

information shows that potential receptors may eventually be impacted by
contaminants from Hanford and a comprehensive risk assessment will probably

* be required.

The following documents contain the most extensive data:

0 U.S. Department of Energy (U.S. DOE). Draft Phase I Installation
Assessment of Inactive Waste-Disposal Sites at Hanford. Volume I.
Methods and Analysis. Washington, D.C. July 1986.

0 U.S. Department of Energy (U.S. DOE), Richland Operations Office.
Hanford Environmental Management Program Plan. Richland,

Washington. November 1986.

0 United States Energy Research and Development Administration.

Final Environmental Statement - Waste Management Operations
Hanford - Reservation. Richland, Washington. ERDA-1538 UC7O.
December 1975.

o U.S. Department of Energy. Environmental Assessment Reference

Repository Location Hanford Site Washington. Volume I of 3.
DOE/RW-0070. Washington, D.C. May 1986.

o U.S. Department of Energy. Environmental Assessment Reference
Repository Location Hanford Site Washington. Volume II of 3.

DOE/RW-0070. Washington, D.C. May 1986.

This information, plus the results from the sampling activities should
provide sufficient data to conduct a quantitative risk assessment of the
100, 200 and 300 Areas.
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2.4 Plan for Conducting the Site Characterization

The characterization plan is designed to identify contaminants and

determine the migration rates through the eight pathways; groundwater,I vadose zone, surface soils, air, surface water, sediments, direct contact
plant uptake, and animal uptake. Of these, the vadose zone and the3 groundwater are generally the priority concerns for most of the CERCLA
sites. In characterizing these pathways, the following nature of the con-

* tamination should be addressed:

o Confirmation of releases of contaminants and evaluation of poten-3 tial for future releases

o Delineation of the horizontal and vertical extent of contaminantI plumes and effects of the media characteristics on contaminant
migration

o Determination of existing surface and groundwater quality and3 characterization of chemical nature of contaminant plume

o Determination of the direction and rate of contaminant movement.

A separate characterization plan has been developed for each of the
three areas (100, 200, and 300 Areas). Each plan specifies a samplingIprogram for the CERCLA sources in the area (81 sources in total). A highly
structured sampling program is being proposed to address each of the
environmental pathways for each source. The characterization plans are
designed to be implemented in a series of stages, with a maximum of five
stages possible within an area. The main objective of this approach is to

systematically build a data base for each site. These five stages are:

30 Stage I: Review Existing Measurements Data

o Stage II: Conduct Proximity Contaminant Survey and EvaluationI for the Unconfined Aquifer

0 Stage III: Conduct Distal Contaminant Survey and Evaluation
for the Unconfined Aquifer

1 2-9



o Stage IV: Conduct Confined Aquifer Survey and Evaluation

o Stage V: Conduct Sampling of Surface Water and Sediments andI Final Data Evaluation

3 Stage I: Review Existingi Data

The first stage reviews and evaluates existing environmental measure-I ments data not available to SAIC at the time that this characterization plan
was prepared.

NStages II and III: Proximity and Distal Surveys

* The second and third stages provide the basis to verify and understand
the types of chemicals and radionuclides resulting from the liquid waste3 disposal at the sites in the uppermost aquifer. The second stage directs
its efforts toward identifying contaminants residing in the immediate
proximity of the source. The third stage addresses the lateral andI horizontal extent of contamination and determines which contaminants have
migrated. Stages II and III tasks are designed to investigate the3 geological and hydrogeological (including soil and vadose zone) conditions.

Geologic Investigations

The main purpose of the geologic investigation is to describe the
* geologic conditions that govern the movement of contaminants from the

disposal sites. These goals will be met by reviewing and reevaluating
available geologic data previously developed for the Hanford site1 complimented by detailed geological and geophysical logging of monitoring
wells boreholes. A surface geophysical assessment around the site will also3be made. This assessment will aid in the locating of new monitoring wells
and in the definition of the contaminant plumes.

U The review and reevaluation of previously developed geologic data will
be included. These data, along with site construction records, will be used3 to confirm the accuracy of existing site geologic maps, construct
appropriate cross-sections and fence diagrams, and to correlate data between

1 2-10



separate site investigations. These efforts are expected to revea] the
geologic conditions or other factors most likely to be responsible for
current or future contaminant releases.

I The review and reevaluation effort discussed above will help guide
both the geophysical investigation and the final site selection for new3 borings for monitoring well installation. These investigative efforts are
expected to identify the geologic factors governing the movement of
contaminants from the sites into and through the groundwater and soil

pathways.

3 Hydrogeologic and Chemical Investigations

In conjunction with the geologic investigations, hydrogeologic and
hydrochemical investigations will be conducted. These investigations focus
on groundwater movement and contaminant migration within the unconfined and3confined aquifers. This process will begin with a thorough review of
existing hydrogeologic and groundwater monitoring data. Validated
monitoring data will be computerized and organized into data managementI basis. This will allow rapid evaluation of the data and development of a
thorough evaluation of the pathway and evaluation of existing and historic3 potentiometric surface maps, and isocontours of geophysical and
hydrochemical data. The results of this effort will be used to finalize the
number and locations of new monitoring wells. Samples from all wells will

undergo a complete chemical characterization.

3Stage IV: Conduct Confined Aguifer Survey

Stage IV's objective is to assess the viability of vertical migration3 of contaminants into the confined aquifer and the interbeds. Although
extensive examination of the Saddle Mountain basalts has been conducted by
the Department of Energy and Rockwell, no information exists on
contamination migration directly under the areas on which the sites source
units exist. The tasks under this stage are similar to the media

investigations discussed in Stages II and III.
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Stage V: Surface Water and Sediment Sampling

Stage V evaluates the surface water, sediments, and animal
contamination pathways. These are accomplished by collecting water andI sediment samples from the Columbia River and conducting bioassays of
resident species from the 100 Area to three miles below the 300 Area
contaminant plume. A complete water quality sampling would follow the
completion of the entire area's monitoring well installations.

I Existing river monitoring stations and new river and river sediment
sampling stations will be established and used to characterize the point of3 contaminant existence and contaminant migration down the river. Characteri-
zation of all potential contaminants in the surface water and bottom sedi-
ments will be conducted. Results of these analyses will show if the sitesI are contributing to surface water contamination and if contamination is
found, will be compared to the results of groundwater analyses to give an1 indication of the likely route being followed by the contaminants.

The climate of this region of Washington State places some constraintsI on evaluating this potential contaminant pathway since stream flow in the
vicinity of the Hanford site is ephemeral Nonetheless, nonflowing

I artificial and natural stream channels, gullies, and flowing seep will be
located for sampling. An attempt will also be made to establish site-

specific and local drainage patterns across the surface of the Hanford site.

As part of the technical approach in characterizing potential3 contaminants in the surface water and stream sediments, a revised water
balance will be conducted for the site area to examine the
interrelationships between groundwater and surface water. This waterI balance will allow for a determination of potential for the site affecting
surface water quality.

Proposed Sampling Program

I Tables 2-2 through 2-5 are matrices summarizing the sampling needs in
the proposed characterization plans. Each matrix organization relates each3 area's sources to the pathways by means of a stage activated sampling
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regime. Tables 2-2, 2-3, and 2-4 discus the unconfined aquifer's sampling

I efforts and Table 2-5 discusses the confined aquifer's sampling efforts.

These three tables demonstrate how the evaluation of staged samplingI will provide the information to eliminate the deficiencies identified in
Table 2-1. These matrices provide the groundwork to prepare the cost esti-
mates and scheduling on a source(s) basis. With this in mind, Table 2-6
compiles the staged sampling needs for the 100, 200, and 300 Areas on an

* area basis.

Tables 2-2 through 2-4 are tables which identify by area the individual
j sampling needs. Their needs include the number of samples, soil borings,

lysimeters, and monitoring wells along with the types of monitoring wells
and samples to be taken for the 100, 200, and 300 Areas of the Hanford

Reservation.

3 Table 2-6 is a summary table which identifies the number of monitoring
wells samples, grab samples, lysimeter samples, soil boring samples, and
random sediment and river sediment samples for each of the three CERCLAIareas of the Hanford Reservation. This table is derived from Tables 2-2, 2-
3, and 2-4.

Table 2-5 is a Stage IV summary table for well monitoring of
the confined aquifer for the three CERCLA areas of the Hanford Reservation.
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2-2 Summ~ary of Sampling Needs for the 100 Area Sources

Notes A and B to this table define chronological stage implementation and source characterization activity rationale.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

100 H AreaI

Pathway. ... .. .. . . ..- I. .. .. ... ... .. ... . . .. . ..- ...- . . . ... ... . . ... .. . .. . .. .. .. . .. . .. .

I ~Groundwater I Surface I Vadose I Air ISedimentsl Surface IPlant I AnimaL I

Source II Soil I Zone II I water I uptake I Uptake I
I -------- I - ---------- ---------------- ----------------------------.. . . . .----- +. .------- . I

I Stage 11 & III II Stage 11 & III! Stage V jStage V II
I InstaLation of I InstaLLation I lEplhemeralSeepage I I I
1 15 I 11 overfLows14 random II I
I cluster (3 depths)I Ictuster (3 depths) 1 14 randoom IsampLes I I I
I monitoring wells I Lysimeter I Isamrples I I II

III I I- I I I I I
I 116-H-1I I ISoil Borings I I I I I I

II Stage V 1 110 1 1I
I Water Quality I Isampled every 5 feetl I I I I
11231 Ito water Level. I I I I I
I Samples 1 184 samples I I I I II

I I I I I I I I II
III ISoil Gas Survey for III I II
I Volatile Organic I I I I I
II Compounds I I I I II

I 1I1150ft. grids I I I I II
I -----------I----------------------------------------------------------------- ------- I
I IStage 11 & III II Stage II & II I Stage V IStage V I I
I linstallation of I Installation I jEphemerallSeepage II
1 15 1I1 IoverfLowsl4 random I

I Icluster (3 depths)! Icluster (3 depths) 1 14 random Isamples I
I monitoring wells I Ilysimeter I samples I I

I I I I- I I I I
II I ISoiL Borings II I I

I 116-H-2 I Stage V 1110 1 1 1 1
I IWater Quality I Isampled every 5 feetl I I I

123 1 Ito water level. II I I
Samples I 8a4 samples I I I III

II I - I I I I I
II ISoiL Gas Survey for II I III
II IVolatile organic I I I I I
II ICompounds I I I I I
1I 150 ft. grids I I I I

I -----------I------------------------------------------------------------------- --- ---- I

I Stage II & III II Stage 11 & IIII1 Stage V IStage V III
I lInstallation of I installation I EphemeralSeepage III

115 1 I1 I overfLowsl4 random I
I cluster (3 depths)I Icluster (3 depths) 1 14 random Isamples I II
I monitoring wells IIlysimeter I Isamples I I I
II I I - I I I I II
II I ISoil Borings I I I I I
116-H--3 I Stage V 1 18 1 1 1 1I
I water Quality I Isampled every 5 feet! I I I I

1 123 1 to water level. I I I I I
I ISamples 1 167 samples I I I I I
I I I I - I I I I I
I I I ISoil Gas Survey for II I I I
I I I IVolatile Organic I I I II
I I I Compounds I I I I II
I 1 150ft. grids I I I I II
I -- ---------I--------- ----- ----- ----- 4-------------- ---- ---- ---- - ---- - ---+---- - --- -- --- ----- --- ---- ----- +--- - --- --- ---- -I--
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3 Table 2-2 S~.rnary of Sampling Needs for the 100 Area Sources

Table2-2 ummay olNotes A and B to this table define chronological stage implementation and source characterization activity rationale.

3 Notes A and B to this table define chronologic..... ...................................................................................................................

.... ... ... .... ... ... ... .... ... ... ... 100 D/DR Area

Pathway ............................ Groundwater I SurfaceI Vedose I Air ISedimentsi SurfaceI Plant I Animal

IGroundwater ISurface I Source I Soil IZone II I water Iuptake I Uptake
ISources I Soil I----------+ - +- - -+- -- -- -+ . +. .

----------- I............----- . .-------- I Stage 11 & IIII I Stage 11 & III I Stage V IStage V I
I Stage 11& ofI I InstaLLation of I Installation I lEphemrallSeepage I II

I IlnstaLlation o I ins- 15 1 11 1 IoverfLowsl4 random I I
1 1 5I 1 12 I cluster (3 depths)I [cluster (3 depths) 1 14 random Isamples I II

I Icluster (3 depths)l jclu: Imonitoring wells I lysimeter I IsampLes I I II
I Imonitoring wells I 1ysI 116-DR-i I I I I I I I I
II I I I I I ISoiL Borings I I I I I
I 116-F-1II Isoi I I Stage V 1110 borings I I I II

I I Stage V 1 401 1 Water Quality I Isampled every 5 feetl I II
I lWater Quality I Isag 1 123 I Ito water level. I I I I II

1131Ito II ISamples 1 1166 samples I I I I II

IISampLes 1 1400 1 I 1
I I I I I ]Soil Gas Survey for I

I I I Isoi I I VoLatite organic IIII I
UI I IVol I I IComp~ounds IIIIII

I I I C rr 10ft. grids IIIII

3 1------------------------ ---- I IStage II & II I Stage Il & II I Stage V IStage V I I
I Stage II & III I II linstallation of IllnstaLLation I IEphemeraLlSeepage I I
IlinstaLlation of I ins' 1 15 1 I1 1 IoverfLowsl4 random II
I5 1I1 I cluster (3 depths)I Icluster (3 depths) 1 I4 random ]samples I II
i cLuster (3 depths)j Iclu I Imonitoring wells I Lysimeter I Isamples I I I

nin t r n we l I ysI I I I I I I I I
I mo i or n we l Iy 116 -DR-2 I I ISoiL Borings I I I I II

I 116-F-2 I I SoiI I Stage V 1 110 borings I I I I I
II Stage V 1 13 1 lWater Quality I Isampled every 5 feetl I I I

I IWater Quality I Isam 1 123 1 Ito water level. I I I I I
1I 123 1 Ito I ISamples 1 1166 samples I I I I I
I jSampLes I1130 I 1 I 1 1 1 1 1I

IIII I I I SoiL Gas Survey for III I II
I I oi I I I IVolatile Organic I I I I I

I IVol I I I IComncounds I I I I I
III Icom I 1 1 150 ft. grids I I I I I
I I I~ ~~~ ~ 150 1I----------------+ - +-- - -- - --I- -+ - +- -

I ----- ---- I------------------- ----- I IStage 11 & III I I Stage 11 & III I IStage V IStage V I II
I IStage Il& ofI I I Installation of I Inrstallation I lEphiemeralSeepage I I
I Instattation o I lins 1 15 1 I1 1 Ioverflowsl4 random I I

1 15 I 1 Ictuster (3 depths)l jcluster (3 depths) 1 14 random Isamples I II
IIctuster (3 depths)[ jCLu I Imonitoring wells IIlysimeter I Isamples I I II

I Imonitoring wells~ I lys I I I I I I I II
I II 1 1 116-DR-IB II ISoiL Borings I I I III
1 116-F-3 Ij Isoi iI Stage V 1 17 borings I I I III

II Stage V 1 110 I Water Quality I Isampled every 5 feetl I I III
I IWater Quality I Isam I 123 1 Ito water level. II I III

1123 1 Ito I ISamples 1 1116 samples I I I III

I Samples 1 1100 1 1 1 1 1
I I I I I I I ISoil Gas Survey for I

III Isoi I I I IVolatile Organic IIIIII
III IVol I I I ICoripounds IIIIII

I I I Icom I 1 1 150ft. grids IIIIIIE I 1 1S 15I ----- I-------- . . . .--------------------------------------------------.. .-.. .--- - ---- I
I --------- I............----------- - 2-15



Table 2-2 Summary of Sampling Needs for the 100 Area Sources

....................................................................................................................

100 0/OR Area

Pathway . . .. .. ... .. . .. ... .. ... .. .. . ... .. ... .. ... ... .. ... .. ... .. ... . .. .. ... .. ... ..

I1 Groundwater Surface Vadose Air ISedimentsl Surface IPlant IAnimal
Source Soil L Zone I I Water IUptake I Uptake

I. . .------I.............-------------------------------------------------------
I Stage 11 & II II Stage 11 & III I Stage V IStageV I
IlInstaLtation of I Installation I EphemeralSeepage I

115 1 11 I overflowsI4 random I
IjcLuster (3 depths)l Icluster (3 depths) 1 4 random Isamples I
I monitoring wells IIlysimeter I samples f II
II I I*- III

I 116-DR-6 II ISoil BoringsI I
II Stage V 18 I boringsI IIII
IIWater Quality I sampLed every 5 feet II
1123 IIto water level. II ISamples 1133 sarnples IIII

I II I I I
II I Soil Gas Survey for I
III Volatile organic I
II I ICoupounds IIII I
II 150Oft. grids II III

------------ I............. ------ ------------------- -------------------------------- ------

I IStage II & III II Stage 11 L III I Stage V IStage VI

I lInstalation of flnstaLLation l EphemeralSeepage II
1 5 11i IoverfLowsl4 random

I cluster (3 depths)I Icluster (3 depths) 14I random ]samples I
I monitoring wells IlIysimeter I samples III
II I II III

1 116-DR-7 II ISoil Borings IIII
I1 I Stage V 18 jborings III

I Water Quality Isaffpted every 5 feet II
1123 IIto water level. I
I Samples I1133 samples IIIII

I Volatile organic IIIII
I Compounds IIIII

I 1 50ft. grids IIII
I........---I -----------------------------------------------..----------+. .---- . ----INotes A and B to this table define chronological stage implementation and source characterization activity rationale.
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abl d B2othstal2dfn Surmry of Samplini Needs for the 100 Area Sources
N ot esAan Bo his tb e ech ro nolo g icalI s t age implementation and source characteri zati on ac tiv ity rationale.

100 F Area
Pathway. . .. .. . .. . .. . . .. . .. .. . .. .. . .. . .. . .. . . . .. . .. .. .. . .. ... .. . .. .. . . . . .. .. .. . ..

II rudae I Surface I Vadose I Air ISedimentsl Surface I Plant I Animal I
Sources I Soil IZone II I water I uptake I uptake I

I -------I............. -------------------------------------------------.. .--- +. . + . . . . I5....Stage II & IIII Stage II & III! Stage V IStage V I I
Ilinstalltation of I Installation I lEphemleralSeepage I I
115 1 12 1 Ioverflowsl4 random I I
I cluster (3 depths)I Icluster (3 depths) 1I1 random IsampLes II I

I jmonitoring welts I Lysimeters I Isamples I
I I I I I I I

I1 116-F- Soil Borings I I III
II Stage V 140 borings I III

I Water Quality IIsamTpLed every 5 feetl I I
1 23 Ito water Level. I
IISarrpLes 1400 samples I III

II--III I I I
II I ISoil Gas Survey for I5 I I I IVolatiLe Organic I III

I I I ICompounds II III
I 1 1 150ft. grids I II
I----------- I------------- --- +. . . . . . . . . . . .+-------------------+-------------- -+- - - -I

I IStage II & III II Stage 11 & III! Stage V IStage V III
I llnstaLLation of IInstaLtation lEphemeralSeepage I I

I1 15 1 1 Ioverflows I4 random I
I cluster (3 depths)I Icluster (3 depths) 1 14 random Isamptles III

I Imonitoring wells I lysimeter I Isamp~Les IIII
IIII- -II I I I I
I 116-F-2 II ISoil Borings I III
I I Stage V 1 113 borings IIIIII
I lWater Quality I Isaimpled every 5 feetl

1123 1 Ito water Level. III II I ISarrpLes 1 1130 samp~les I
III- -II I I I I

II I ISoit Gas Survey for I
III IVolatiLe Organic I IIII

i I------I---------------------------------------------+---50f i ----------- --- ---- I

I IStage 11 & III II Stage 11 & III I I Stage V IStage V I

I linstallation of I IlnstaLLation I jEphemerallSeepage II
115 1 11 1 joverflowsl4 random I
IIcluster (3 depths)f IcLuster (3 depths) 1 14 random Isamtles II
I monitoring wells I Iysimeter I Isamples I I

I I I I - I II I
1i116-F-3 II ISoil Borings I IIII
I I Stage V 1 110 borings I IIII
I lWater Quality I Isampted every 5 feetl I II

1123 IIto water Level. I III
I ISamples 1 100 samples I IIII
III-II I I I I

I Soil Gas Survey for I II I
III IVolatile Organic I I I III

I I I lComrpounds II I I I I
1 1 15 S ft. grids II I I I I3 ------ II--------- ---------------------------------------------------------------------------- I1
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TbIa2 -2 Summnary of Sampling Needs for the 100 Area Sources

.. .. ..................... .. ........ ..... ... ...... .... ... ..............

100 F Area

IPathway ......................................................................

I1 Groundwater I Surface I Vadose I Air lSedimentsl Surface IPLant IAnimal I

Sources II Soil IZon~e I I I Water IUptake I Uptake I

I..............I-------------------------------- ---------------------.. . . . . + . .------- . ---- I

I jStage 11 & III I Stage 11 & III I IStage V IStage V III

I instaliation of I lnstaLtation I IEphemeraLISeepage I II
115 1 12 1 IoverfLowsl4 random I II
IIcLuster (3 depths)l Icluster (3 depths) 1 14 random Isamples I II
I monitoring wells I Lysimeter I IsampLes I I I
II I I - -I I I I I

I I I ISoil BoringsI I I I I
1(2 sources) I Stage V 1113 borings I I I I I
I 116-F-6 lWater Quality I IsampLed every 5 feetl I I I II

116-F-10 123 1 Ito water level. I
I Samples 1 130 samp~les I III

III- -II I I I
III ISoil Gas Survey for I
III IVolatile Organic IIIII
III ICompounds IIIII

II 1 150ft. grids IIIII
I -------I ---------------------------------------------------+. . . .---------- --- ---- I

I- - - - Stage 11 & III II Stage 11 & III II Stage V IStage V I j
I installation of IlinstalLation I IEphemeraLfSeepage I II

I1 15 1 11 1overflows I4 random I II
IIcLuster (3 depths)l IcLuster (3 depths) 1 14 random Isamples II

I Imonitoring wells I Iysimeter I Isamples II
II I I I I I I

I 116-F-9 I I ISoil Borings I I I I
II Stage V 1 118borings I I II

I lWater Quality I IsampLed every 5 feetl I III
123 1 Ito water level. I
Samples 1 1180 samples IIIII

I -II I I I
* II I ISoiL Gas Survey for IIIII

I I IVotatile Organic IIIII
II I lCompounds II II

1I 1 150ft. grids I I III
I ---------- I -. .. .- . .- . .. ... ... .. ... ... .. ... ... .. ... ... .. ... ... .. ... ... .. ... ... .. ... ... .I

Notes A and B to this table define chronological stage implementation and source characterization activity rationale.
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Tbe2-2 Summary of Samp i ng N eed s f or t he 100 A rea Sou rce s

............................... ......................................

100 KE/KW Area

IL I Path. ....a. .. ... ... ... ... ... .. ... ... ... ... ... .. ... ... ... ... ... .. ... ... ... ... ..

I Groundwater ISurface I Vadose I Air ISedimentsl Surface IPlant IAnimal I

Source I Soil IZone II I water IUptake I Uptake I

I Stage 11 & III II Stage II & III I Stage V jStage V I I

I InstatLation of IlinstaLlation I EphemeraLlSeepage I I
I5 I I1 j overflows14 random I

cluster (3 depths)I Icluster (3 depths) 1 14 random Isamples II

monitoring welts I Lysirneter I Isamptes I III
I I I IIII I
I I ISoil Borings II IIL 1(2 sources) I Stage V 1 110 1

I 100-KW~l IWater Quality I Isampled every 5 feet fI
100-KW-2 123 1 Ito water level. I

I Samples 1 1144 sampLes IIIII
I I I I I

III ISoil Gas Survey for I

III IVolatiLe Organic IIIIII
II I lComrpourds I

II 1 150ft. grids I II
I -------I............. -------------------------------------+. . . .---------- ------- I

I- - - IStage 11 & II I I Stage II & II I Stage V IStage V I
IInstallation of I lnstallation I Ephemeral Iseepage II

IS 15 1 1 Ioverflowsl4 random I

I cluster (3 depths)j IcLuster (3 depths) 1 14 random IsampLes III
I monitoring wells I Lysimeter I Isamples I I

I--I I I I I
I Soil Borings III'IStg 1 1

1(2 sources) [Water Quality I sampled every 5 feet II
I~ 100-KE-1 123 IIto water Level. I
100-KE*2 ISamples 1115S samples IIIII

II--II I I I
II I Soil Gas Survey for I

II IVotatile organic I

I Coapounds I IIII
I 1 15 S ft. grids IIIII

I -------I --------------------------------------------------------------- -------

I- - - Stage 11 & III I Stage 11 & III Ij Stage V IStage V I
Ifinstallation of IlinstatLation I lEphemer-allseepage III

1 15 1I1 I overflowsf4 random II
IIcluster (3 depths)l Icluster (3 depths) 1 14 random IsarrpLes III
I monitoring well Is ILysimeter I IsarrpLes I
II I I I IIII

N I I I ISoil Borings I III
116-K-1 I Stage V 1 18 1
1 Water Quality I Isampted every 5 feet jII
1 23 1 Ito water Level. I
IlSarrples 1 1115 samples IIIII
II I I - II
II I ISoiL Gas Survey for I

III IVolatile Organic IIIIII

------------ I-------------------------------------------------~t~ng~ ----------- -------

Notes A and B to this table define chronological stage implementation and source characterization activity rationale.
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* Table 2-2 Summrary of Sampling Needs for the 100 Area Sources

Notes A and B to this table define chronological stage implementation and source characterization activity rationale.

............ ......................................................................................................*

I1 Groundwater ISurface I Vadose I Air ISedimentsl Surface IPlant IAnimal I
U ISource Soil I Zone II I water I Uptake IUptake I

I. - -. - -- --- -- --- -- --- -- ---.-- -- --- -- --- -- --- -----+. . . . - - - -- -- --- -- -- --- -- -- --- -- -- --- -- --I
I[Stage II & III I I Stage 11 & III I Stage V [Stage V I II
IllnstaiLation of I instatlation I IEphemeralSeepage I I3 ! 15 1 I1 1 overfLows[4 random I II

[ cluster (3 depths)[ Icluster (3 depths) 1 14 random [samples I If I Imonitoring welts I[lysimeter I [sampLes I II
II I I -- I I I II
II I ISoiL Borings I IIIII 116-K-2 I Stage V [ I8 1
1[Water Quality I [sanpLed every 5 feet[ III

[ 23 1 Ito water level. I

I[SampLes 1 1115 sarnples I II

I I I ISoil Gas Survey forI

I VolatiLe Organic I

II I ICompoundsI
II 1 150ft. grids II II

I Stage 11 & II I I Stage II & III II Stage V IStage V [
[ installation of [ lInstallation I [Ephemeral[Seepage I II

115 1 [11 I overfLowsI4 random I I
I cluster (3 depths)[ [cluster (3 depths) 1 [4 random [samples I I
I monitoring wells [ Lysimeter I [sarTples III

[14 aIe I I I I
I [ Soil Bogsvyo III I

Voltr ulty II atle Ovrai [ I I I

I C m o nsI I I I I

I 1 1 [50 ft. grids I I II
I........... I................ +.......+....+...+....+...+..................................
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* Table 2-2 Summnary of Sampling Weeds for the 100 Area Sources

Notes A and B to this table define chronological stage implementation and source characterization activity rationale.

Pathway ......................................................................

I I Groundwater ISurface I Vadose I Air lSedimentsl Surface IPlant IAnimal I

Source I Soils I Zone I I I Water I Uptake I uptake I

I -- --- ----- I--- -- - --- --- --- --- --- --- --- --- --- --- -- - --- --- - -- --- --- --- --- -- - --- --- --- --- --I
I Stage 11 & III I I Stage 11 & III I IStage V IStage V III

Ilinstallation of I Instattation I IEphemeraLISeepage I II
115 1 11 1 IoverflowsI4 randomn I I
I cluster (3 depths)j Icluster (3 depths) 1 14 random jsamptes I I I
I monitoring wells I Iysimeter I Isamples I I II

II I I I I I I I I
I 116-B-1I I ISoil Borings I I I I I I
II Stage V 1 110 borings I I I I I I
I Water Quality I Isampled every 5 feetl I I II

123 I Ito water Level. I I I I II
* Samples 1 1188 samples I I I I II

I I I ~ -I I I III
I I ISoiL Gas Survey for Ij I I II
I I jVolatile Organic I I I II I
I I lCo4mpounds I I I I II
1 1 150 ft. grids I I I I I I

I Stage 11 & III I Stage 11 & III I Stage V IStage V III

I installation of IInstaLlation I lEphemeralSeepage I I I

I 15 1 11 1 joverflowsl4 random I I
a I Icluster (3 depths)I IcLuster (3 depths) 1 14 random Isamples III

I Imonitoring wells I lysimeter I Isamples I II
I I I I * -I I III

I 116-B-4 I I I~oiL Borings I I III
I I Stage V 1 8 borings I I I
I lWater Quality I Jsampled every 5 feetl I I

1123 1 Ito water Level. II I II
I Samples 1 1150 samples I I IIII

I I I I I I IIII
I I I fSoil Gas Survey for I I III

II I lVolatile Organic I I I I
III IComTpounds I I II

I 1 1 150 ft. grids I I I III
---------. I.. ............................................-- -................. .......

Stage 11 & III I I Stage II & III I Stage V IStage V II

I installation of Ilinstallation I lEphemerallSeepage I II
1 5 1 11 1 1overflows14 random I I
cluster (3 depths)I Icluster (3 depths) 1 14 random Isamples I I
Imonitoring wells IIlysimeter I samples I I I

IIII- II I I I I
116-C-1 I I jSoil Borings I I III

I Stagev V 18borings I IIII
I lWater Quality I sampled every 5 feetl I
1 123 Ito water level. I

Samples 1150 samples IIIII
II--IIII I

......................... +.. Soil Gas Survey for..............I.......
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3 ab Le 2 -2 Summary of Sampling Needs for the 100 Area Sources
. .................... ....... ........... ........................................

100 B/C AreaI ]Pathway... ......................................................................................................

IGroundwater jSurface I Vadose I Air ISedimentsl Surface IPlant I Animal
ISource Soils IZone II I Water I Uptake I Uptake

I -------I ------------------------------------..4----------- ----------------------

I----Stage 11 & III I IStage 11 & III I Stage V IStage V II
IlinstaLlation of I instatlation I lEphemerallSeepage I I
1 15 1I1 I foverfLowsI4 random I
I cluster (3 depths)j Icluster (3 depths) 1 14 random JsampLes I I
I monitoring wells IIlysimeter I IsarrpLes I II

III* -II I I I I3 I 116-C-2 II ISoil Borings III II
II Stage V 1 20 b~orings IIII I

I Water Quality IIsarrpLed every 5 feet II
1123 1 Ito water level. I
I Samples 1 1376 samples I II

I I Volatile Organic II II
II I I~opud I

I 1 50 ft. grids IIIII
I-------I--------------------------------------------------------------------------- ..S Notes A and B to this table define chronological stage implementation and source characterization activity rationale.
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Table 2-3 SLxymary of Sampting Needs for the 200 Area Sources

5 Notes Aand Bto this table define chronological stage implementation and source characterization activity rationale.

200 E AreaI

IGroundwater ISurface I Vadose I Air ISedimentsl Surface I Plant I AnimaL I

Source I Soi Ls IZone II I Water I Uptake I Uptake I

I --------------------------- +-------+----+---+---+---+-----------------------------------

I Stage 11 & IIIH I Stage 11 & III I IStage V Stage V Ij I

Ijinstallation of IlnstaLLation I lEphemeraLlSeepage I II

1113 1 11 1 IoverfLowsI6 I I I
I monitoring welts I Icluster (3 depths) 1 16 random Irandom I II
II I ltysimeter I Isamples Isamples I II

II--II I I I I
I I I jSoiL Borings IIII
1(7~ sources) I Stage V 1 110 borings I III
216-B-43 lWater Quality I Isampled every 5 feet jI
216-B-44 120 1 Ito water level. I

1i 216-B-45 ISamples 1 676 samples I II
216-8-46 1 1 -- I

1 216-8-48 1 1 Soil Gas Survey for I

I 216-B-49 I I IVolatite Organic I III
I 216-B-50 I I lCompounds I IIIII
I 1 1 150ft. grids I IIII
I --------- I------------- --- +-------+----+---+----+--------------------------------------.

I l~ t age 11 & II I I Stage 11 & III I Stage V Stage V I I
I lInstallation of I Installation I IEphemeraLlSeepage I I
1 I 15 1i 1 IoverflowsI6 III
I Imonitoring wells I cluster (3 depths) 1 16 random Irandom I

II I Ilysimeter I Isamples Isamples III
IIII- -II I I I I
I I I ISoil Borings I

(1 source) lWater Quality I sampled every 5 feetlII I

216-B-7A&B 18 1 Ito water Level. I

1 ISamples 1 1541 samples III I
I-II I I I I

I I I ISoil Gas Survey for I

II I IVolatile Organic IIIIII
III I Comnpounds IIII I

-------- I 1g of1---50 ft. grid: I-- I
It ---- ni-o-i-g we l --- -- c-- -- st---- -- (3---depths)-- -- --I -- - 6- - random- -- --- ---ando- -- --I- ... .
IItg 1&II I I t ae1 &II I Stagpes V StagpesV I I I
I jIn t La in o I jInstaLIaI I I~hm r~ lepg I

5 I Soilto n Borins I Icutr 3de hs 116 ano Irno III

I III I Stagev V I 18 borings I I I I II
1 (1 source) lWater Quality I Isampled every 5 feetl I I I II
216-5-2-2 18 1 Ito water level. I I I I II

I Samples 1 1541 samples I I I I I
I I I I - I I I I II
I I I ISoil Gas Survey for I 1 I 13 iIVolatile Organic I I II II

IIIICompounds I I I I II
15 I 5 ft. grids I I I I II

I----------- I---------------- +-------+---+---+----+---+------I 2.3---------------------------



* Table 2-3 Summnary of Sampl ing Needs for the 200 Area Sources

N ot es A a nd B t o t hi1s tablIe define chronolog0i calI stIa ge imple me nt a tion and source characteri za t ion ac t iv ity ra tionale.

............... .. ......................... .............. ........... ... ...........

200 E Area

Pathway .......................................................................

IGroundwater ISurface I Vadose I Air ISedimentsl Surface I Plant IAnimal

Source I soils I, Zone II I Water I Uptake I Uptake

I..........--I.. . . . ..--- +. . ..---- +---------------------------------------------------- -----

I Stage 11 & II I I Stage 11 & III I Stage V Stage v I

IInstaLLation of IlnstaLLation I Ephemeral ISeepage I
16 I 1 IoverfLowsl6II
monitoring wellIs Icluster (3 depths) I16 random j random I

I Ilysimeter Isamples Isarrples I
IVI I - I I I

(source) I I Soil Borings III
Il 216-B-5 Stage V j6 borings III

I Water Quality IsampLed every 5 feetl II

1 9 Ito water Level. I
I Samples I1406 samples III

I -I I I I
II I ISoiL Gas Survey for I

III IVolatile Organic I III

I IIlCompounds I III
I 1 1 50ft. grids II II

I Stage II & III II Stage II & III I Stage V Stage V I

I instalLation of I installation I IEphemeraLlSeepage II

I 17 1' 1 1Ioverflows16 I

I monitoring wells I cLuster (3 depths) 1 16 random IrandomI

II I Itysimeter I IsarrpLes Isamples II

I-I I I I I
I V II ISoiL Borings I III3 1(2 sources) Ij Stage V 1110 borings IIIII

216-8-10-A lWater Quality I Isampled every 5 feetj i
216-3-6 Ill I Ito water Level. I

Samples I1676 samples I
II III I

1I 150ft. grids I III

I Stage 11 & III II Stage 11 & III I Stage V Stage V I

I linstallation of IlInstatlation I EphemeraLISeepage II

I I5 1 11 j overflows16 II
IImonitoring wells IIcluster (3 depths) I16 random Irandom I
II I Ilysimeter I samples Isamples II

I I I IIIII
I VI I I ISoil BoringsIIIII
1(2 sources)!I Stage V 1 12 boringsIIIII
216-C-1 lWater Quality I IsampLed every 5 feetl III

216-C-10 18 1 Ito water level. I
ISamptes 1811 samples IIIII

I II I-

I I I[Soil Gas Survey for I
I Volatile Organic IIII

I I ~ICompoundsI III
I I j5150ft. gridsIIIII
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Table 2-3 Suimnary of Sampling Needs for the 200 Area Sources
................................................................................

.1 200 E Area
51Pathway ......................................................................

IGroundwater Surface I Vadose I Air ISedimentsl Surface IPlant IAnimal I
Source Soils IZone II I water I Uptake I Uptake I

I ------- I---------- --------------------- ----- -----------------+---..4----+. . . . I

I- -- Stage 11 & IIIIl Stage 11 & III I Stage V Stage V II I
Ilinstallation of I linstallation I lEphemeratISeepage I I I

I5 1 11 1 IoverfLowsl6 I I I
monitoring wells I cluster (3 depths) 1 16 random Irandom I I I

I lysimeter I Isamples Isamples I II
I I I -I I I I II

V lII I jSoiL Borings I I I I I I
1 (1 source) I Stage V 1 18 borings I I I I I I
216-8-16 IWater Quality I Isampled every 5 feetl I I I I

18 1 Ito water Level. II I I I I
Samples 1 1541 samples I I I II
I I I -I I I I I
I I ISoil Gas Survey for II I I I

II I IVolatile Organic I I I I I
III I Compounds I I I I I3----1 150 ft. grids I I I I I I

I ------- I.............+ -----------------------------------------+. . . .---- +---+. .--- . I
I Stage 11 & III II Stage 11 & III I Stage V Stage V If I
I Installation of I installation I fEphemeralSeepage I II
1 15 1 1 IoverfLowsl6 III
I monitoring wells I cluster (3 depths) 1 16 random Irandom I
II I Ilysimeter I Isamples Isamples j I

II*-I I I I I I
I i l I I ISoil Borings I IIIII

1 (1 source) I Stage V 118 borings I IIIII
216-A-40 jWater Quality I Isampled every 5 feetl I

1 18 1 Ito water level. I II I
I Samples 1 1541 samples I III I

III I - I III
II I ISoil Gas Survey for I I I
II I IVolatile Organic I IIII
III lCompounds I IIIII3---- I 150ft. grids I I II
I -------I--------------------- ------------------------------------------- -------
I Stage 11 & III II Stage Il & III I IStage V Stage V III

I Installation of IIlnstallation I lEphemeralSeepage I I I
1 15I 12 1 Ioverflowsl6 I II
IImonitoring wells I cluster (3 depths) 1 16 random jrandom I I I
II I ILysimeters I Isamples Isamples I II
II I I --- I I I I I I
II I ISoiL Borings I I I I I I
I ix I Stage V 1 12 borings I I IIII 1 (1 source) Iwater Quality I sampLed every 5 feetj

216-A-24 18 1 Ito water level. I
ISampLes I 1811 samples IIIIII

II- II I I I
I I ISoil Gas Survey for I III

------------------- Volatile Organic I

U--- I------+ 1 SO ft. grids I
Notes A and I to this table define chronological stage implementation and source characterization activity rationale.



Table 2-3 Summ~ary of Sampling Needs for the 200 Area Sources

Notes A and B to this table define chronological stage implementation and source characterization activity rationale.

............................. ...........--------------------------
Pathway .......................................................................

IGroundwater I Surface I Vadose I Air lSedimentsl Surface IPlant IAnimal
IoreI Soils I Zone II I Water I Uptake I Uptake

£ I IStage 11 & III II Stage 11 & III I jStage V Stage V I
I Installation of I lnstaLtation I EphemeraLISeepage I I

15 I1 12 IIoverftowsl6 I II
IImonitoring wells I cLuster (3 depths) 1 16 random I random I I

Ii I Ilysimeters I Isamples Isamples I
III* II I I I

II I ISoil Borings I
I X x I stage V 1 12 borings II III
1 (1 source) IWater Quality I sampled every 5 feet jI
216-A-9 18 1 Ito water Level. I
I Samples 1 1811 samples I II

II I I II
I I I ISoil Gas Survey for I
I I I IVolatile Organic I

III I Compounds I IIII
I 1 50 ft. grids I IIII

I Stage 11 & III I I Stage 11 & III I Stage V Stage V I
IinstaLLation of I linstalation I EphemeralSeepage I I

1 15 1 I1 j overflows16 I
I monitoring wells I cluster (3 depths) I16 random Irandom III

I I Itysimeter I samples Isamples I I
I I I IIIIIII
I x iI I jSoilBoringsIIIIII
1 (1 source) I Stage V 1I1 boringsIIIIII

216-A-7 lWater Quality I Isampled every 5 feetl IIII
1 8 1 Ito water Level. IIIII

3 1 Samples 1 1270 samples IIII I
II I IIIII

II I jSoil Gas Survey for IIIIII
I I IVolatile Organic I

II IConpounds IIIII
1 1 150 ft. grids II III

I Stage 11 & III IJ Stage 11 & III I Stage V Stage V II

I jlnstallation of Illnstallation I lEphemeraLISeepage I II
I 15 1 I1 1 IoverfLowsl6 I II

I monitoring wells I cLuster (3 depths) 1 16 random Irandom I II
I Lysimeter I jsampLes Isamples I I

I I I I I I I I II
I X 11 I I Soil Borings I I I I II
1 (1 source) I Stage V 14 borings I I I I II
216-A-28 IWater Quality I sampled every 5 feetl I I I II
1 8 IIto water Level. I I II I3 iSamples 1 270 samples I I III

II I I I I
I ISoil Gas Survey for I I I

IIVotatiLe Organic I I II
I jCompoundsII III

I I j js150ft. gridsIIIIII

5~ ~ ~ ~~~~~~~~~- 6.............. . ..... +.+..



U Table 2-3 Summiary of Sampling Needs for the 200 Area Sources
..................................................................................................................1' 200 E Area

lPathway . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

IGroundwater ISurface I Vadose I Air lsedimentsl Surface IPlant IAnimal3 Source II Soils I Zone II I Water Iuptake Iuptake

I -------I .........................................................--4- - - - ....... I

IIStage 11 & III I I Stage 11 & III IStage V Stage V I

I Ilnstatlation of Ilinstallation lEphemeraLISeepage I I
1i 110 1 12 IIoverflowsl6 I I
IImonitoring wells Ijctuster (3 depths) 1 16 random Irandom I
II I Itysimeters I IsampLes Isamptes I I

III* -II I I I I
I X111I I Soil Borings I
1(5 sources) I Stage V 1 32 borings I IIIII 216-A-4 IWater Quality IIsaiipled every 5 feetl
216-A-21 115 1 Ito water level. I
216-A-27 ISamples 1 2163 samples I

I 216A-5II I I I I
216-A-36A II ISoiL Gas Survey for I

II I IVolatiLe Organic I III I
II I I Comipoundcs I III
II 1 150 ft. grids I IIII

I Stage 11 & III I I Stage 11 & III I Stage V Stage V I

linstaLLation of Illnstatlation I EphemeraL]Seepage I
I5 1 I1 I overfLowsJ6I
Imonitoring wells I ctuster (3 depths) I16 random Irandom Ii
I I Ilysimeter I samples IsarrpLes I
I I I -

I ! j~ ISoit BoringsIII I
1I (1 source) I Stage V 1 18 borings IIII
216-A-6 IWater Quality I Isarrpled every 5 feet II

118 1 Ito water Level. I
IISarmpLes 1 1541 samp~les I
III I - IIII
II I jSoil Gas Survey for IIIII
II I IVoLatile Organic I

I I ICormpounds III

1 I 150 ft. gridsIUNotes A and B to this table define chronological stage implementation and source characterization activity rationale.
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3 Table 2-3 Sumrmary of Sanipting Needs for the 200 Area Sources

Notes A and B to this table define chronological stage implementation and source characterization activity rationale.

Path ----------------ay----- 20*-ra------------------------------------------------*

I! Groundwater ISurface I Vadose I Air ISedimentsl Surface IPlant IAnimaL I

Source I Soils I Zon~eII I Water I Uptake I Uptake

I.-. ---------- I............. ----------------------------------------.. . .------- 4. . . . ----

I Stage 11 & III II Stage 11 & III I IStage V IStage V I I I
IlinstatLation of IllnstaLLation I EphemeraLISeepage I I I

16 1 12 1 IoverfLowsI6 random I II

cluster (3 depths)! IcLuster (3 depths) 1 16 random Isamples I I I
Imonitoring welts I Iysimeters I Isamples I I I I
I I I - I I I I I I

I I I ISoilBorings I I I I 1I
1i(5 sources) I Stage V 1 40 borings, I I I I I I
216-S-5 lWater Quality I sampled every 5 feet! I I I I I

I 216-S-6 127 IIto water Level. I IIIII I 216-S-17 ISamples 1 2064 samples I IIII
216-S-16P1 I I I III
216-S-16D I ISoil Gas Survey for I

II I IVolatile organic I

IIIo udsI I I I IWOUA I
I 1 1 50 ft. grids III I

I-----------I.. . . . ..----------- +-------+. ..--------------------------------------------

I Stage 11 & III II Stage 11 & III I IStage V IStage V I

I installation of Illnstaltation I jEphemeraLlSeepage II
I8 Is 12 1 IoverflowsI6 random I
I cluster (3 depths)! Icluster (3 depths) 1 16 random Isamples III
I monitoring wet~ Is J Lysimeters I Isamples IIII

II I I IIII
1 11 1 1 ISoiL Borings I IIII
1(4 sources) I Stage V 1132 borings II II
216-S-1&2 !Water Quality I jsampled every 5 feet! l
216-S-7 136 1 Ito water level. I IIII

I 216-S-3 ISamples I11651 samptes IIIIII
216-S-9 I I I 
II I SoiL Gas Survey for IIIIII
II I IVolatite Organic I III
II I ICoffpounds III I
I 1 1 50ft. grids II II

I --------- I.......-----------+--------+..---+--------------------- --------------------

IIStage II & III I I Stage 11 & III I IStage V IStage V I I

Illnstallation of Illnstattation I IEphemeraLISeepage I II
1 8 1 I1 Ioverflowsl6 random I I
IIcluster (3 depths)! IcLuster (3 depths) 1 16 random IsanpLes I II

IImonitoring wells IIlysimeter I Isamples I I II
II I I -- I I I I II

I! I I ISoilBorings I I I I II
I I I Stage V 1 8 borings I I I I
1 (1 source) lWater Quality I Isampled every 5 feet! l
I 216-S-20 136 1 Ito water Level. II II

I Samples 1 1413 samples I I I II

IIII--- I I III
I ~i a uvyfrII I

I Volatile organic I I II
III ICompounds II III

I 1 1 150ft. grids I I I
I----------- I.............----------------------------------------------- . . - - ------ I
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3 Table 2-3 summiary of Samipling Needs for the 200 Area Sources
...............................................................................

200 W Area

Pathway ................................................................................................ *

IGroundwater ISurface I Vadose I Air ISedimentsl Surface IPlant jAnimal

Source II Soils IZone II I Water I Uptake I Uptake

I -------I .......... ........................................-- - - - -......... - - ... .I- - - Stage 11 & III I I Stage 11 & III I Stage V IStage V I
Ilinstallation of IlinstatLation I IEphemeraLlSeepage I II

1 5 12 1 joverflows16 random I I
I cluster (3 depths)I Icluster (3 depths) 1 16 random Isamrples I I
I monitoring wells I Ilysimeters I IsampLes I II

III* -II I I I I
I IV II ISoil Borings III II

(2 sources) I Stage V 1 116 borings IIII I
I216-S-4 IWater Quality I IsampLed every 5 feet II
I1 216-S-21 123 1 Ito water level. I
IISamples 1 1826 samp~les I

II-I I I I I
II I ISoit Gas Survey for I

III IVotatiLe Organic IIIIII

I ~ -- - - - - -I-- - - - - - - - - -- .... ..... .... ..... .... ..... .... ...- . ..... . ..... .. ... .. ... ..

I Stage 11 & III I Stage 11 & II I Stage V jStage V I

IllnstaLLation of IlInstallation I IEpdhemeraLISeepage II
1 15 1 1 Ioverflowsl6 random I
I cluster (3 depths)j Icluster (3 depths) 1 16 random JsampLes I
I monitoring wells I lysimeter I IsairpLes IIII

I -I I I I I I
I V II ISoil Borings I IIII
1 (1 source) I Stage V 1 18 borings I IIIII

I 216-U-11l Water Quality I Isarnpled every 5 feetl IIIII
123 1 Ito water Level. I
jSamptes I 1413 samp~les I

I -III I I I
I I ISoiL Gas Survey for IIIIII
I I IVolatile Organic IIIIII

I I I IComp~ounds IIIII
I I 1 150ft. grids IIIII

I- - -- ---------------- --... .. .. .. .. .. .... .. .. .. .. .. .... .. .. .. .. . - --... ...- -.. .. .. - --.. ..

I Stage 11 & III II Stage II & II I Stage V IStage V I
IllnstatLation of IllnstaLlation I lEphemeraLlSeepage II
115 1 11 1 joverflows16 random I

I Icluster (3 depths)l IcLuster (3 depths) 1 16 random Isarrples II

I Imonitoring wells IIlysimeter I IsampLes III

1(1source) I Stage V 1I18borings I IIII
I 216-U-3 IWater Quality I Isampted every 5 feetl

3 1 123 I Ito water level. IIII I
ISamples 1 1413 samp~lesIIIIII

I I I I -IIIII

I I ISoiL Gas Survey forIIII
I I I IVoLatite Organic I III

I I l I I I I I3~~~ 1----- 15 jft. grids I I I I I

Notes A and B to this table define chronological stage implementation and source characterization activity rationale.



3 Table 2-3 SummITary of Samp~ling Needs for the 200 Area Sources

Notes A and B to this table define chronological stage implementation and source characterization activity rationale.

II 200 W Area
Pathway .....................................................................

IGroundwater ISurface I Vadose I Air ISedimentsl Surface IPlant IAnimal
5 1 Source I Soils I Zone II I water Iuptake I uptake I

I- -- - - - I............---- --- --- --. .- --- -- ------ -- --- --- -- --- --- -- ------ - ---- -- -- --I
I Stage 11 & III II Stage 11 & III I Stage V jStage V III

I instaLlation of IllnstaLlation I lEphemeraLlSeepage I I I
1S 15 1 1 IoverfLowsl6 random II I
IIcluster (3 depths)l Icluster (3 depths) 1 16 random Isamptes I II
I monitoring welts IIlysimeter IIsamptes III

sa le evr 5fetI I I I I

I V6 I I I ISoit Borings

1 1sore I Stg V 1i 1 s8rveborig IIIi I
Vol--&2 lae uaiy II atie Ovrgai 5 j I I

II~a p e 141 ~a mpls IIIIII
IIj ft g dsII I I I I
Stg I I &Il Ioi G Stag e y fr III jjtg tg

Isalto of I InslatieOrgni I peiraSepg I
III lImoud IIvrfo s6rn m

IIctuster (3 depths)l Icluster (3 depths) 1 16 random IsampLes I I
I mni taring welts I Iysimeter I IsarmpLes II I

Isn e evrI fe I I I I I

I ~ mls11413 samp~les I

I I I I Comp~oundsI
II 1 150ft. grids I II

IIStage 11 & III Stage 11 & III I Stage V IStage V I

IInstatlation of Illnstatlation I lEphemerallSeepage II
15 1 I1 1 IoverfLowsl6 random I
jcluster (3 depths)l Icluster (3 depths) 1 16 random Isamples II
jmonitoring welts IItysimeter I Isarmples I

I ult Is~ e veySfe I I I I

1( ore)I Stage V 1 12 brings I....I.......I......

II IIII
II I jSoit Gas Survey forj I I I

III IVolatile Organic Ij I I II
II I I Compounds I I I I I I
I 1 150 ft. grids I I I I II

I.-. ------. I.. ............................... ..... ........................... I
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Table 2-3 Summnary of Samp~ling Needs for the 200 Area Sources

..................................................................................................................

200 W Area

I Groundwater ISurface I Vadose I Air ISedimentsi Surface I Plant IAnimal I

I~uc Soils jZone II I Water I uptake I Uptake I

I Stage II & III I I Stage 11 & III I Stage V IStage V III

IjlnstaLtation of IllnstaLlation I lEphemerallseepage I

II15 1 11 1 IoverfLowsl6 random I
Icluster (3 depths)I Icluster (3 depths) 1 16 random Isan'ples I
[monitoring wetlls I lysimneter I IsarTples I I I
III- IIII I I

I x I ISoit Borings II III
1(2 sources) I Stage V I18 borings I IIII3 I 216-Z-7IlWater Quality I IsaITpLed every 5 feetl I
216-Z-10 123 1 Ito water Level. I
IISampLes, 1413 samp~les I III

I ISoil Gas Survey for I

II I jVoLatile Organic I I I
II I ICompounds I I II
II 1 150ft. grids I II I

I.........---I.............+. . .+. . . . . . .+. . .+. . .+. ..--------------------------------------

IIStage II & III Ij Stage 11 & III I Stage V IStage V II

Ilinstallation of I lInstatlation I EphemeratISeepage I I
1 5 1 11 Ioverftowsl6 random II

IIctuster (3 depths)l Icluster (3 depths) I16 random IsarrpLes I I
IImonitoring wells I ILysimeter I Isarrples I

III I I IIIII
I X1 I I ISoiL Borings I I IIIU 1 0( source) I Stage V 1l1 borings I I III

216-T-19 [Water Quality I IsampLed every 5 feetl I III
1123 1 Ito water Level. I II
IISarrrles 1 1413 samp~les I I II

III I I III
II I lSoiL Gas Survey for I III I

I I IVoLatiLe Organic I II II
I I IComipounds I III
I 150 ft. grids I IIIII

I.........---I.............+ . . .------ ----------- ------+ ----------------------- -----------

I Stage 11 & III I I Stage 11 & III I Stage V IStage V II

IInstaLLation of I instatLation I IEphemeraLISeepage I I
1 15 1 11 IoverfLowsl6 random I I
IIcLuster (3 depths)j IcLuster (3 depths) 1 16 random Isamptes I I
I monitoring welts I ILysimeter IIsamples I I II

III I I I I I II
I X11 I I ISoit Borings I I I I II

10 source) I Stage V 1 8 borings I I I I I
I 216-T-7 lWater Quality I Isampled every 5 feetl I I I I

1123 1 Ito water Level. I I I II
I sampLes 1 1413 samples I I I II
II I I I I I III
II I ISoiL Gas Survey for II I I I
II I IVolatile Organic II I III
II I jCompounds I I I I II
I 1 1 50ft. grids II I I I

II- --- --- -- I .---- -- --- ---. - -. - --- - - --- --- -- --- --- --- -- --- --- -- --- --- -- +- - --- -- - -- --- --3 Notes Aand B to this table define chronological stage implementation and source characterization activity rationale.
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U TabLe 2-3 Su~mmary of Sairpling Needs for the 200 Area Sources

Notes A and B to this table define chronological stage implementation and source characterization activity rationale.
........................................................................................................... *Ii 200 W Area
Pathway .....................................................................

IGroundwater I Surface I Vadose I Air ISedimentsl Surface I Plant IAnimal3 ISource I I Soils I Zone I Ij Water I Uptake I Uptake
I........---I.. . . . . . . . + . . .4----+---+..----------------------------------------------------

I IStage 11 & III I I Stage II & III j Stage V IStage V I
IlinstatLation of IlinstaLlation I EphemeraliSeepage I I
115 1 1 I overfLowsl6 random I I

I Icluster (3 depths)l Ictuster (3 depths) 1 16 random jsampLes I I
IImonitoring weLls I ILysimeter I IsampLes I I I

I*I I I - *I I I I II
I XIII II ISoiL Borings I I I I II

I (1 source) Stage V 1 18 borings I I I I I
216-T-28 lWater Quality I IsampLed every 5 feetl I II
1 23 1 Ito water level. II I I I

I ISampLes 1 1413 samrpLes I I I I I
III I I I III
III ISoil Gas Survey for II IIII

I I I IVoiatile Organic I I I II
III ICoirpounds I I II I

-- - -- - - 1I 150ft. grids I I IIII
I ------- I............ ----------------------------------------- --- . --- +....------

I IStage 11 & III II Stage 11 & III I IStage V IStage V II
IlInstaLtation of I jinstallation I lEphemeralSeepage I II
116 1 I1 1 IoverfLowsl6 random I I

I Icluster (3 depths)l Icluster (3 depths) 1 16 random Isamples I III I jmonitoring wells I lysimeter I Isamples I I I
III I -I I IIII

I xvIV I jSoil Borings II IIII
1 (1 source)jI Stage V 118 borings I I IIII
216-T-3 IWater Quality I fsarrpled every 5 feetl I II

1 127 1 Ito water Level. II III
I ISamples 1 1413 samples I I IIII

III I I I IIII
III ISoit Gas Survey for I I I

I I1 150ft. grids I IIIII
-- - -------------- + ............................. ............... ..... .....

* IIStage 11 & III I Stage 11 L III IIStage V JStage V II
Installation of Illnstattation I lEphemerallSeepage I II

1 16 1 I1 1 joverfLows16 random I I
I Ictuster (3 depths)l Ictuster (3 depths) 1 16 random Isarrples I I
I1 jmonitoring weLls I lysimeter I Isamples I I I

II I I I I IIII
I XV II ISoiL Borings I I II I
1(2 sources) I Stage V 1 112borings I I II
216-T-2 lWater Quality I Isarrpted every 5 feetl II I
216-T-8 127 1 Ito water level.II II

ISanmpLes 1 1619 samples IIIIII~ I I I I I I I I
I I I ISoil Gas Survey forI III
I I I IVolatile organic I IIII

II I Compoun~dsIIIII
------------------ --- .. ..g-- +. . .. +- - -- -

I ------ gr ds---- - I -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -3 2-32



3 Table 2-4 Summary of Sampling Weeds for the 300 Area Sources

No te s A and B to this table define chronol ogi calI s t age imp lementation and source characteri zati on a c tivity rationale.
.. ...... ........ ..... .............. .. ............... ... ...... ......... ... ..

1 300 Area
Pathway .......................................................................

I Sorc Groundwater ISurface I Vadose I Air ISedimentsf Surface I PLant I Animal II.............. IIsoils I Zone II I Water I Uptake I Uptake I

I IStage 11 & III I I Stage 11 & III I Stage V IStage V III
I Installation of llnstaLation IEphemeraLfSeepage I I I

Icluster (2 depths)l Icluster (3 depths) 1 1 ws4 random ape

I 316-1 1 Stage V 11 Ilborings I I IIIU I lWater Quality I sampled every 5 feet]
14Ito water Level. I

31 Samples 1103 samples I
I- I I I

II I ISoiL Gas Survey for I III
II IVolatile organic I I I III

1J 1 150 ft. grids II I III

IIStage 11 & III Ij Stage II & III I Stage V IStage V I I
I installation of I Installation IlEplemeraljSeepage I II

1 18 1 11 1 IoverflowsI4 random I I
I Icluster (2 depths)l Ictuster (3 depths) 1 14 random Isamples I II monitoring wells I Ilysimeter I Isamples III

I I I I I III
1l 316-2 11ISoil Borings II I II I Stage V 1 114 borings I I III

I Water Quality I Isampled every 5 feet I I IIII
1 1 124 j to water level. Ij II3I Samples I 1120 samplesfII

IIII I I IIII
I I I ISoit Gas Survey for I I IIII
I I I IVoLatile Organic Ij I I I

I I ICompounds I I I I I1 1 15 I5 ft. grids I I I II
--- -- -- --..- -- --- -- -- ---.- -- --- -- -- -- --- -- -- --- -- -- --- -- -- --- -- -- --- -- - ---- - - - - -* Stage 11 & III I I Stage 11 & III I Stage V IStage V II

Installation of I lnstaLLation I IEphemeraLISeepage I I
16 Ii 1 Ioverflowsl4 random IaIcluster (2 depths)l Icuster (3 depths) I 14 random IsampLes I IImonitoring wells I lysimeter I Isamples IIIII I I I I IIII316-3 1 Soit Borings II I I3I StageV 1 112 borings I I III

I Water Quality I Isampled every 5 feet I I III
I1 Ito water level. II I I
I~mp e 1103 samplesIII

I ISoil Gas Survey for I I I

I l~~CompoundsIII

1 1 50 ft. grids I I I I II-------+...+ ~~2-33+- -. . ... .. .



TabLe 2-5 Stage IV Confined Aqui fer DriL Ling

................................ .. ........ ....... .................

Pathway3AREA Groundwater
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..............+- - - - - - - - - - - - - -

100 a/c I Installation of one monitoring well to interbedded zone depth

...............................................................

100 KE/KW I Installation of one monitoring well to interbedded zone depth

100 0/DR I Installation of one monitoring welt to interbedded zone depth

--------------------------------------------------------------------------
100 H I Installation of one monitoring well to interbedded zone depth

.......................................................................... I3100 F I Installation of one monitoring well to interbedded zone depth

--- --- --- --- --- --- --- -- --- --- --- --- --- --- --- -- --- --- --- --- --- --- --

2OO East I Installation of one monitoring welt to interbedded zone depth

...............................................................I200 West IInstallation of one monitoring well to interbedded zone depth
--- --- --- --- --- --- --- -- --- --- --- --- --- --- --- -- --- --- --- --- --- --- --

300 1 Installation of one monitoring well to interbedded zone depth
............................................................
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Table 2-6 Surmary of the Comp~lete Sampling Needs of the 100, 200 & 300 Areas

.................................................................

ISTAGE I100 I200 I300
Area I Area I Area

.... ...........................................................

I No Sampling INo Sampling INo Sampling
I Stage I IIrequired at Irequired at Irequired at

I I Ithis stage Ithis stage Ithis stage
II III

I .............................................................

I Groundwater 1110 cLusters 1175 clusters 122 clusters

I & I..............- --- --- --- --- ----- --- --- --- --- --- --- --- --- --- --

Stage III IVadose Zone 124 clusters 136 clusters 13 clusters

IISoil Borings 1255 soil borings 1342 soil borings 138 soil borings

IStage IV lGroundwater 15 monitoring welts 12 monitoring welts 11 monitoring well

...................................................................

jSediments 188 random samples 1180 random samples 112 random samples
StageV ............................................................

IISurface Water 188 samples 1180 samples 112 random samples

.............................................................................................. *
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NOTE A. CHRONOLOGY OF IMPLEMENTATION FOR SOURCE CHARACTERIZATION STAGES

A brief overview of the proposal CERCLA source characterization

activity stages was presented in the Task 4 Report. The stages involved

include: Stage I - Literature Review and Source Characterization Work Plan;

Stage II - Characterization Activities in Proximity to the Source; Stage III

-Characterization Activities to Determine Areal Extent of Source Impacts;
Stage IV - Basalt/Confined Aquifer Impact Evaluations; Stage V - Sampling3Activities and Source Characterization (Remedial Investigations) Report. In

reality, these stages are performed non-sequentially and in segments in the

source characterization process. The following table is presented to better

depict the chronological sequence of events in a typical source
characterization effort.

3Stage Chronological Activity

I o Literature Search.3 Work, Health and Safety, QA/QC Plans.

3II, III o Soil Gas, Surface Geophysics - both initially focus on

immediate source area (Stage II), and expand outward in

vicinity of the source (Stage III) if contaminants are

3 indicated to delineate areal extent of those contaminants.

3II o Soil Borings, Monitoring Well and Lysimeter Installation

in proximity to source.

I o Stage V, Round 1 Sampling - to include Stage II monitoring

wells, ephemeral sources.

3o Laboratory Analysis of Samples.
o Analytical Data Review.

-If no contaminants identified or if contaminants have

I been adequately identified/quantified at this point,

proceed to Stage V Remedial Investigation Report

3 preparation (below).

3 2-36



U NOTE A. CHRONOLOGY OF IMPLEMENTATION FOR SOURCE CHARACTERIZATION STAGES

(Continued)

Stage Chronological Activity

V o Analytica] Data Review (continued)

-If additional data is required to quantify
contaminants, scope Stage III requirements/

* activities.

III o Soil Borings, Monitoring Well Installation - to evaluate

I contaminant migration.

V o Stage V, Round 2 Sampling - to include Stage II and Stage

III monitoring wells, with analysis for a reduced list of

analytical parameters based upon evaluation of Stage III findings.
o Laboratory Analysis of Samples.

*o Analytical Data Review
o Source Characterization (Remedial Investigation) Report3 preparation.

IV o Stage IV activities include installation of basalt/
confined aquifer monitoring wells, sampling of these
wells, analysis of samples. Stage IV has been projected

to include one deep monitoring well per area, and would beI scoped/impleiented only after a sufficient number of
unconfined (surficial) aquifer source/contaminant3 characterizations have been completed in a given area.
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3.0 ACCEPTABILITY OF SAMPLING/ANALYTICAL METHODS

The principal environmental regulations governing the site
characterization methods are contained in the Federal and State regulations

implementing the Resource Conservation and Recovery Act (RCRA) and those
implementing the Safe Drinking Water Act (SOWA). In cases where the air
pathway is of principal concern, the Clean Air Act regulations are important
regulatory guides for CERCLA sites.

U3.1 Verification of Compliance of Characterization Methods With
Environmental Regul ati ons.

The characterization methods outlined in this document are based on
Guidance on Remedial Investigations and Feasibility Studies Under CERCLA

(EPA/540/G-85/OO2and 003). These methods must enable the determination of
the nature and extent of the contamination, and provide informationI necessary to aid in the evaluation of a remedial alternative.

* The levels of contamination which trigger the need for possible
remediation are determined from the applicable or relevant and appropriate
regulatory requirements (ARARS). These requirements are summarized inITables 3-1 and 3-2. The type and frequency of sampling is given in 40 CFR
264.90 and 40 CFR 141. The regulatory limits are included in the Washington

* Annotated Code as Washington Department of Ecology Regulations.

The analysis of the samples collected as part of the characterizationI must be analyzed using acceptable techniquies and methods. Table 3-3
identifies accepted methods for analysis of the samples.

Since the characterization has been based on the EPA guidance for
CERCLA sites, and is consistant with the applicable and appropriate relevant

regulations, the characterization methods are in compliance with the
regulatory requirements.
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TABLE 3-i. SELECTED APPLICABLE OR RELEVANT AND APPROPRIATEI AMBIENT REQUIREMENTS

Safe Drinking Safe Drinking
Water Act Water Act Clean Air Act
MCLs .h/ MCLGs c/ NAAQS

Chemical (mg/i) (mg/i) (ug/m3)

Arsenic 0.05
Barium 1.0
Benxene 0
Cadmium 0.01
Carbon monoxide 40,000 (1-hour)d

10,000 (8-hour) d/
Carbon tetrachloride 0
Chl orophenoxysI 2, 4-Di chl orophenoxyaceti c

acid (2,4-D) 0.1
2,4,5-Trichlorophenoxy-propionic 0.01I acid (2,4,5-TP)

Chromium VI (hexavalent) 0.05
p-Di chl orobenzene 0.75
1, 2-Di chl oroethane 0
1,1 -Di chl oroethyl ene 0.007
Endrin 0.0002
Fluoride 1.4-2.4ILindane (99% gamma-HCCH) 0.004
Hydrocarbons (non-methane) 160 (3-hour)d
Lead 0.05 i.5 (go-day) e/
Mercury 0.002I Methoxychl or 0.1

Nitate(as N) 1.
Nitrogen dioxide 100 (1-year) 1I Ozone 235 (1-hour) ~
Particulate Matter 260 (24-hour) ~

IRadionucl ides75(-er_/
Radium-226 and 228 5 pCi/i
Gross alpha activity 15 pCi/i
Tritium 20,000 pCi/i

Oer mman-made radionucl ides hl

U Sulfur oxides 365 (24-hour)d

Toxaphene 0.00580(-er

1,1, 1-Trichloroethane 0.2
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TABLE 3-i. SELECTED APPLICABLE OR RELEVANT AND APPROPRIATEI AMBIENT REQUIREMENTS (Continued)

Safe Drinking Safe DrinkingIWater Act Water Act Clean Air Act
MCLs h/ MCLGs c/ NAAQS3Chemical (mg/i) (mg/i) (ug/m3)

Tn chl oroethyl ene 0ITrihalomethanes (total) .1/ 0.1
Vinyl chloride 0

a~/ Federal ambient water quality criteria (see Exhibit 4-6) and state
environmental standards are also ARARS.

h/ EPA has also proposed MCLS for eight volatile organic chemicals:
trichloroethylene, carbon tetrachloride, 1,1,i-trichloroethane, vinyl
chloride, 1,2-dichloroethane, benzene, i,1-dichlorethylene, and p-
dichlorobenzene (50 Federal Register 46902-46933, November 13, 1985).

c/ EPA has also proposed MCLGs for 40 additional chemicals. Refer to1 Exhibit 4-7 for the proposed MCLG values.

*/ /Maximum concentration not to beexceeded more than once per year.

e/ Three-monthb arithmetic mean concentration.

f/ Annual arithmetic mean concentration.

_q/ Annual geometric mean concentration.

I h/ Radionucl ides in drinking water are limited to activity levels
corresponding to a total body or any internal organ dose of 4 millirem/year,
summed over all radionuclides present.

I J/ Total trihalomethanes refers to the sum concentration of chloroform,
bromodichlormethane, dibromochloromethane, and bromoform.
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TABLE 3-2. EPA AMIENT WATER QUALITY (WQC) FOR PRO)TECTION' OF HUMA1N HEALTH

I WQC (Concentrations in Parentheses
Correspond to Midpoint of Risk Range

for Potential Carcinogens Only) sl/

I Aquatic Organism Adjusted for Drinking
Chemiical and Drinking Water Water Only t/

I kenapthene 20 uq,/l (Organoleptic) c/ 20 ug,/1 (Organoleptic)
Acrolein 320 ug/1 540 uq/1
kcrylonitrile* 0 (58 ng/l) 0 (63 ng/l)'Aldrin* 0 (0.074 ng/1) 0 (1.2 ng/l)
Antimony* 146 ug,/l 146 ug/1IArsenic* 0 (2.2 ng/1) (25 ng/l)
Asbestos 0 (30,000 fibers/i) (30,000 fibers/i)
Benzene* 0 (0.66 ug/1) 0 (0.67 ug/1)IBenzidine* 0 (0.12 ng/l) 0 (0.15 ng/1)
Berylliu& 0 (3.7 ng/1) 0 (3.9 ng,/1)UCadmiizL& 10 ug,/ 10 ug/h
Carbon tetrachloride* 0 (0.4 ug/1) 0 (0.42 ug/1)
Chlordane* 0 (0.46 ng/i) 0 (22 ng/1)3 Chl oninated benzenes

Hexachlorobenzene* 0 (0.72 ng/1) 0 (21 ng/1)
1,2,4,5-Tetrachlorobenzene* 38 ug,/ 180 ug/1IPentachl orobenzene* 74 ug,/1 570 ug/1
Tri chl orobenzene* Insufficient data Insufficient data1Monochl orobenzene* 488 ug,/1 488 ughi

Chl oninated ethanes
1,2-Dichloroethane* 0 (0.94 ug/1) 0 (0.94 ug/1)

1,1,1-Trichloroethane* 18.4 ffqJ1 19 ft~J1
1,1,2-Trichloroethane* 0 (0.6 ug,/1) 0 (0.6 ug/1)31,1,2,2-Tetrachloroethane* 0 (0. 17 uqJi) 0 (0.17 ughi)
Hexachloroethane* 0 (1.9 ug/1) 0 (2.4 ughi)
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TABLE 3-2. EPA AMIENT WATER QUALITY (WQC) FOR PROTECTION' OF I-JYPAN HEALTH

(CONTINUED)

I 1QC (Concentrations in Parentheses
Correspond to Midpoint of Risk Range
for Potential Carcinogens Only) g/

Aquatic Organism Adjusted for Drinking
Chemical and Drinking Water Water Onily bl

Monochl oroethane* Insufficient data Insufficient data
1,1-Dichlorethane* Insufficient data Insufficient data
1,1,1 ,2-Tetrachlorethane Insufficient data Insufficient data
Pentachloroethane Insufficient data Insufficient data

Chlorinated naphthalenes Insufficient data Insufficient data
Chlorinated phenols

3-i4onochlorophenol 0.1 ug/1 (Organoleptic) 0.1 ug/1 (Organoleptic)
4-Monochlorophenol 0.1 ug/1 (Organoleptic) 0.1 ua/l (Organoleptic)
2,3-Dichiorophenol 0.04 uq/l (Organoleptic) 0.04 ug,/1 (Organoleptic)
2,5-Dichiorophenol 0.5 uq/l (Organoleptic) 0.5 ug,/i (Organoleptic)
2,6-Dichiorophenol 0.2 uq/l (Organoleptic) 0.2 ug/i (Organoleptic)3,-ihoohnl03u/ Ognl pic .q1(rao pic
23,4- yrchlorophenol * 10 ug,/1 (Organoleptic) 10 ug/1 (Organoleptic)

2,4,5-Trichlorophenol* 2600 ug/1 2600 ug/1
2,4,6-Trichlorophenol* 0 (1.2 ug/1) 0 (1.8 ug/1)
2-Methyl -4-chlorophenol 1800 ug/1 (Organoleptic) 1800 ug/l (Organoleptic)I-ehl4clrpeo 0 q1(raoetc 00u,1(raoetc
3-Methyl -4-chlorophenol 300 ug,/1 (Organoleptic) 300 ug/1 (Organoleptic)

1 Chl oroal kyl ethers
bis-(Chloromethyl) ether* 0 (0.0038 ng/1) 0 (0.0039 ng/1)

Ibis-(2-Chloroethyl) ether,* 0 (30 ng/1) 0 (30 ng/1)
bis-(2-Chloroisopropy) ether 34.7 ugh1 34.7 ug/1IChl oroforTn* 0 (0.19 ugh1) 0 (0.19 ughi)

2-Chlorophenol 0.1 ug/l (Organoleptic) 0.1 ug/l (Organoleptic)
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TABLE 3-2. EPA AMVIENT WATER QUALITY (WQC) FOR PRO)TECTION' OF [LWv1N HEALTH
(CCNTINUIED)

I 1JQC (Concentrations in Parentheses
Correspond to Midpoint of Risk Range

for Potential Carcinogens Only) a,/

I Aquatic Organism Adjusted for Drinking
Chemical and Drinking Water Water Only b/

IChrcmi Lin Cr+6* 50 uq/l 50 ug/1
Cr+3* 170 ffJl 179 mgJ1

Copper* 1 mgJ1 (Organoleptic)ifCyanide* 200 ug/l 200 ug/1
DDlT* 0 (0.024 ng/1) 0 (> 1.2 ng/1)IDichlorobenzenes* (all isomers) 400 ug/1 470 ug,/1
Dichlorobenzidines 0 (10.3 ng/1) 0 (20.7 ng/1)
Di chl oroethyl enesI1,1-Dichloroethylene* 0 (33 ng/1) 0 (33 ng/1)

1,2-Dichloroethylene Insufficient data Insufficient data
Di chl orcJ1ethane* See Hal omethanes See Halomethanes
2,4-Dichlorophenol* 3.09 mg/1 3.09 mg/1
Di chl oropropanes/Di chl oropropenes

*Di chioropropanes Insufficient data Insufficient data
Dichioropropenes 87 ug/l 87 ugh1IDieldrin* 0 (0.071 ng/1) 0 (1.1 ng/1)

2,4-Dimenthylphenol 400 ug,/1 (Organoleptic) 400 ug,/ (Organoleptic)
2,4-Dinitrotoluene* 0 (0.11 ug/1) 0 (0.11 ug/1)I1,2-Diphenylhydrazine* 0 (42 ng/1) 0 (46 ng/1)
Endosulfan* 74 ug/l 138 ug,/lIEndrin l ug/i 1 ughi
Ethylbenzene* 1. 4 m3j/1 2. 4 mgj/1
Fl uoranthene 42 ug,/1 188 ug/lIHaloethers Insufficient data Insufficient data
Hal omethanes 0 (0. 19 ug/1) 0 (0.19 ughi1)
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TABLE 3-2. EPA AMIENT WATER QUA1LITY (WQC) FOR PRO)TECTIOtN OF HMA~ HEALTH

3 (CON'TINUED)

WQXC (Concentrations in Parentheses
Correspond to Midpoint of Risk Rangeif for Potential Carcinogens Only) a

5Aquatic Organisms Adjusted for Drinking
Chemi cal and Drinking Water Water Only b

IHeptachlor* 0 (0. 28 ng/1) 0 (11 ng/l)
Hexachlorobutadiene* 0 (0.45 ug/1) 0 (0.45 ug/l)

Hexachi orocyci ohexanes (HCCH)3alpha-HCCH*F 0 (9.2 rig/i) 0 (13 rig/i)
beta-HCCH~* 0 (16.3 rig/i) 0 (23.2 ng/i)

gw=naHCCHt* 0 12.3 rig/i) 0 (17.4 ng,/i)

Idel ta-HCCH Insuffient data Insufficient data
epsilon-HCCH Insufficient data Insufficient data

3Technical -HCCH 0 (5.2 rig/i) 0 (7.4 ng,/1)
Hexachl orocycl opentadi ere* 206 ug/1 206 ud/1IIsophorone* 5.2 mg/l 5.2 mg/i
Lead* 50 uq/1 50 uq/i

Mercur* 144 rig/i 10 ugh1INaphthalenie Insufficient data Insufficient data

Nickel* 13.4 ug/1 15.4 ug/i

INitrobenzene* 19.8 mg/i 19.8 mg/i

Nitrophenol s

2,4-Dinitro-o-cresol 13.4 ug/1 13.6 ug/i3Dinitrophenol* 70 ug/i 70 u/
Mononitrophenol Insufficient Data Insufficient Data

Trinitrophenol Insufficient data Insufficient data

Ni trosami nes
n-Nitrosodiniethylamine* 0 (1.4 rig/i) 0 (1.4 rig/i)3n-Nitrosodiethylamine* 0 (0.8 rig/i) 0 (0.8 ig/i)
n-Nitrosodi-n-butylamine* 0 (6.4 rig/i) 0 (6.4 rig/i)
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TABLE 3-2. EPA AMYBIENT WATER QUALITY (1WC) FOR PRO)TECTION1 OF UMW~ HEALTHI (CONkTINUIED)

I WQC (Concentrations in Parentheses
Correspond to Midpoint of Risk Range3 for Potential Carcinogens Only) _4

I Aquatic Organism Adjusted for Drinking
Chemical and Drinking Water Water Only Wl

n-Nitrosodiphenylamine 0 (4.9 ug/1) 0 (7.0 ug/1)In-Nitrosopyrrolidine* 0 (16 ng/1) 0 (16 ng/1)
Pentachlorophenol* 1.01 nq/1 1.01 nrg/1IPhenol* 3.5 mTqJ1 3.5 mgJ1
Phthal ate esters

Dinethyl phthal ate 313 nn/l 350 ngJ1IDi ethyl phthal ate* 350 mg/l 434 n/1
Di butyl phthal ate* 34 n~q/1 44 mg/ 1

i2-ethylhexylphthalate* 15 mg/1 21 nrJ1
Polychlorinated biphenyls (PCBs)* 0 (0.079 ng/1) 0 (> 12.6 ng/1)

EPolynyuclear aromiatic hydrocarbons 0 (2.8 ng/l) 0 (3.1 ng/1)

(PAHs)*

Seleniuiv 10 uq/l 10 uglISilver* 50 ug/1 50 ug/1

2,3,7,8-TCCO* 0 (0.000013 ng/1) 0 (0.00018 ng/1)ITetrachloroethylene* 0 (0.8 ug/1) 0 (0.88 ug,/l)

Thal 1iuwL& 13 ug/1 17.8 ug;/i

Toluene* 14.3 mg/l 15 rrgJ1

IToxaphene* 0 (0.71 ng/1) 0 (26 ng/1)

Trichloroethylene* 0 (2.7 ug/1) 0 (2.8 ug/1)

EVinyl chloride* 0 (2.0 ug/1) 0 (2.0 ughi)

Zi nc* 5 mgJ1 (Organoleptic) 5 iwl1 (Organoleptic)

I*Toxicity values necessary for risk characterization are given in Appendix A.
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a/ The criterion value, whiich is zero for all potential carcinogens, is listed
for all chemicals in the table. The concentration value given in parentheses for

potential carcinogens corresponds to a risk of 10-6, which is the midpoint of the
range of 10-5 to 10-7 given in water quality criteria documents. To obtainI concentrations corresponding to risks of 10-5, the 10-6 concentrations should be
multiplied by 10. To obtain concentrations corresponding to risks of 1-

the 10-6 concentratons should be divided by 10.
bl These adjusted criteria, for drinking water ingestion only, were derivedI frcm published EPA amrbient water quality criteria (45 Federal Register 79318-79379,

Noveber 28, 1980) for combined fish and drinking water ingestion and for fish
ingestion alone. The adjusted values are not official EPA ambient water quality1 criteria, but may be appropriate for Superfund sites with contaminated ground
water. In the derivation of these values, intake was assumed to be 2 liters/dayI for drinking water and 6.5 gram/day for dish, and humian body weight was assumed to
be 70 kilograms. Values for bioconcentraton factor, carcinogenic potency, and

acceptable daily intake were those used for water quality criteria devel opmnt.

c/ Criteria designiated as organoleptic are based on taste and odor effects,
not humnan health effects. Health-based water quality criteria are not available

for these chemicals.
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TABLE 3-3. ACCEPTED METHODS FOR ANALYSIS OF SAMPLES

Type of Sample Method of Analysis

5Groundwater Method listed in Appendix IX
to 40 CFR 264.98 and to 40

CFR 264.99

(52 FR 25946)

5Surface Water Methods listed in Appendix A
to 40 CFR 136.3

IAir Methods listed in Appendix B
to 40 CFR 61

3-1



4.0 BIBLIOGRAPHY OF HANFORD MATERIALS

1. U.S. Department of Energy (U.S. DOE). Draft Phase I InstallationI Assessment of Inactive Waste-Disposal Sites at Hanford. Volume I.
Methods and Analysis. Washington, D.C. July 1986.

32. U.S. Department of Energy (U.S. DOE). Draft Phase I Installation
Assessment of Inactive Waste-Disposal Sites at Hanford. Volume

II. HISS Database. Washington, D.C. July 1986.

33. U.S. Department of Energy (U.S. DOE), Richland Operations Office.
Hanford Site Waste Management Units Report. Volume I of 2.£ Richland, Washington. May 1987.

4. Pacific Northwest Laboratory (PNL). Hanford Ground-Water Monitoring3Project Quarterly Report - March 1987. Richland, Washington.
March 1987. [Proprietary Report]

15. Rockwell International; Earth Sciences Group Research Department.
Geology of the Separations Areas Hanford Site, South-Central3 Washington. RHO-ST-23. Richland, Washington. June 1979.

6. Rockwell International Engironmental Technologies Group; Environmental

Analysis and Monitoring Department. Hydrology of the Separations
Area. RHO-ST-42. Richland, Washington. July 1981.

7. U.S. Department of Energy (U.S. DOE), Richland Operations Office.3 Hanford Site Waste Management Units Report. Volume II of 2.
Richland, Washington. May 1987.

18. Environmental Protection Manual (U.S. DOE), Radiological and
Environmental Safety and Quality Assurance. RHO-MA-139. June5 1987.

9. U.S. Department of Energy (U.S. DOE), Richland Operations Office.
Hanford Engironmental Management Program Plan. Richland,
Washington. November 1986.

4-1



10. Rockwell International Environmental Technologies Group; Waste
Management Systems Engineering Department. Results of the
Separations Area Ground-Water Monitoring Network for 1985, Law,IAlbert G., and Schatz, Aaron L. RHO-RE-SR-86-24P. Richland,
Washington. July 1986.

11. Pacific Northwest Laboratory (PNL). Modified Hazard Ranking System for
Sites with Mixed Radioactive and Hazardous Wastes - User Manual,IHawley, K. A., Peloquin, R. A., and Stennar, R. 0. PNL5841.
Richland, Washington. April 1986.

12. Pacific Northwest Laboratory (PNL). Modified Hazard Ranking
System/Hazard Ranking System for Sites with Mixed Radioactive and

Hazardous Wastes - Software Documentation, Stenner, R. 0.,
Peloquin, R. A., and Hawley, K. A. PNL-6066. Richland,
Washington. November 1986.

13. Rockwell International Energy Systems Group. Handbook - 200 Areas
Waste Sites, Maxfield, H. L. RHO-CD-673. Volume I of 3.
Richland, Washington. April 1, 1979.

14. Rockwell International Energy Systems Group. Handbook - 200 Areas

IWaste Sites, Maxfield, H. L. RHO-CD-673. Volume II of 3.
Richland, Washington. April 1, 1979.

1 15. Rockwell International Energy Systems Group. Handbook - 200 Areas
Waste Sites, Maxfield, H. L. RHO-CD-673. Volume III of 3.5 Richland, Washington. April 1, 1979.

16. United Nuclear Industries, Inc. Radiological Characterization of the
Retired 100 Acres. Dorian, J. J. and R. Richards. UNI-946. May
26, 1978.

17. State of Washington, Department of Ecology. Dangerous Waste3 Regulations Chapter 173-30-WAC. Olympia, WA. June 3, 1986.

4-2



18. United States Energy Research and Development Administration. Final
Environmental Statement - Waste Management Operations Hanford -

Reservation, Richland, Washington. ERDA-1538 UC7O. December
1975.

19. Rockwell International Energy Systems Group. Geological Studies of3 Columbia Plateau - A Status Report Structure Cross Sections of the
Pasco Basin. RHO-BUI-ST-4 Plate 11-5.

120. Rockwell International Energy Systems Group. Thickness of the
Unconfined Aquifer within the Pasco Basin. RNO-BWI-ST-5 Plate3 111-2.

21. Rockwell International Energy Systems Group. A Real Distribution ofIHydraulic Conductivity in the Unconfined Aquifer Within the Pasco
Basin.

22. U.S. Department of Energy. Environmental Assessment Reference
Repository Location Hanford Site Washington. Volume I of 3.

DOE/RW-0070. Washington, D.C. May 1986.

23. U.S. Department of Energy. Environmental Assessment Reference
Repository Location Hanford Site Washington. Volume II of 3.3 DOE/RW-0070. Washington, D.C. May 1986.

4-



APEDII

GEEIIOIOIGPA

THSGNRCMNTRNILA A DPE RMDE
COPEESVINIOMNA SESETADRSOS
PRGAIHS EEI OIOIGPA.WRIGDAT
JUY18.IBRURUEOEAIN FIE



I GENERIC MONITORING PLAN

1. INTRODUCTION

I The Generic Monitoring Plan (GMP) Sampling Plan provides guidance for

the development and execution of installation and site-specific sampling5 plans necessary for CERCLA site characterizations. The intent of the GMP is
to describe those methods and materials sufficient to address most sampling
situations that could occur while conducting Site Characterizations. TheI GMP will provide specific guidelines relevant to the geologic, hydrologic,

and environmental setting and facility operations unique to each3 installation, and the Site-Specific Monitoring Plan (SSMP) will provide the

following basic components:

0 objectives and goals of the investigation

0 sampling methods to be used, including equipment needs,
procedures, sample containment, and preservation

0 justification for selected methods and procedures

0 sample locations, as well as number and types of samples to be
coll1ected

£0 transportation and shipping information

30 additional site-specific information requirements.

The SSMP serves to guide the site characterization process, whichI provides data to support the evaluation of alternative candidate response or
remedial actions at the site or grouping of similar sites in close3proximity. The SSMP is initially developed on the basis of available
information and is subsequently developed in stages so that knowledge gained3 during the course of site characterization can be used to guide
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sampling/measurement activities. This will ensure that appropriate andI sufficient data are collected to support the Technological Assessment (EPA

CERCLA Feasibility Study) and decision making process.

The site characterization process involves both collection and

3 synthesis of data to develop a conceptual model of the site and associated

contamination problems. This information is then used to develop a

contaminant transport model for describing the current conditions and

5 evaluating the environmental and health impacts of alternative remedial

actions, including the no action alternative. The level and sophistication

3 of the data collection and synthesis process leading to model development

depend on the complexity of the site, the scope of the contamination

problem, and the degree of precision needed to screen and evaluate remedial

3 alternatives.

1.2 OBJECTIVES

The basic objective of any sampling/measurement program is to produce a5 defensible set of samples/measurements representative of the source under

investigation and suitable for subsequent analysis. The objective of

I sampling hazardous waste is to acquire information that will (1) assist

investigators in identifying unknown compounds present in the environment,

(2) assess the extent to which these compounds have migrated into the

I surrounding environment, (3) document conclusions regarding environmental

impact, and (4) provide documentation for reporting requirements.

S The objectives of SSMP activities are to:

0 verify and characterize contaminant sources

0 determine the present areal and vertical extent of contamination

o estimate the potential for contaminant migration (including rateI and direction) to support risk assessment studies
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o support the identification and technology assessment (feasibilityI study) of alternative response actions.

* 1.3 SAMPLING LOGISTICS

3 1.3.1 Scheduling

Prior to initiating site characterization, the probable duration5 (including contingency) and sequence of activities will be forecast so that

the critical path of these activities may be scheduled. The sequence of

other subtasks and constraints (e.g., funding, weather, installation

restrictions ) will be identified so that reasonable start/finish dates may be
established.

1.3.2. Site Access

U Site access arrangements for site characterization personnel will be
made with each installation. Field activities will be scheduled with3responsible reservation staff with as much lead time as possible. Arrival

schedules will be confirmed by telephone 24-48 hours before staff and/or3 contractors are expected to arrive.

Installation security clearance badge and/or noncleared visitor badge3 arrangements will be made with the reservation security office.

3 2. SITE SURVEY AND MAPPING

Survey and mapping techniques will be employed to delineate boundaries3 of sites to be studied and illustrate the extent of contamination. To
facilitate presentation and comparison of data generated during the3 investigation, maps at common (or readily interchangeable) scales with a
fixed coordinate system will be used. Establishing map standards and

coordinate systems provides a foundation from which to reference spatially

I distributed information. The resulting common frames of reference permit
development of base maps assuring that subsequent maps, site physical3features, and data monitoring or collection locations all correspond. The
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two primary means for presenting coordinate systems are (1) the base map,I consisting of a topographic surface compiled as elevation contours or

digitized elevations recorded in a regular grid pattern; and (2) the5 boundary survey, portraying the polygonal region of a designated area with

benchmarks reflecting coordinate values.

* The level and sophistication of survey and mapping depend on the

complexity of the site, the scope of the contamination problem, and the3 degree of precision needed to screen and evaluate remedial alternatives.

For each site, existing surveys and maps will be reviewed and updated as

required to conduct related activities. Where there may be a need to

develop an aerial photographic display base that will support terrain
analysis and overlay mapping, a program will be implemented to obtain the5 necessary survey control and photographic imagery.

3 3. SAMPLE COLLECTION

Sample collection is a critical component of the site characterization3process. The quality of the samples collected will directly influence the

value of the site characterization data. Therefore, collecting a

representative portion of the media of interest and preserving it in an

uncontaminated state until analyses are performed is extremely important.
The collection of representative samples requires careful selection of a

3 sampling strategy and strict adherence to sampling protocols/methods.

3 Because the sampling strategy and procedures will depend on the
conditions at a specific site, a range of procedures and general guidelines

are provided in the GMP selection and implemented in the SSMP plans. Site-Ispecific factors to be considered in the SSMP sampling plans include: (1)
the type, size, and topography of the site; (2) the type, quantity, and3 mobility of the waste/contaminants; and (3) the type and homogeneity of the

medium to be sampled.
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3 3.1 SAMPLING PLAN DESIGN

A sample must be a representative part of the object to be analyzed.3 To be a representative sample, the sample must have the same qualities as

the material under consideration. The chemical parameters of interest and the

nature of the material to be sampled (i.e., homogenous or heterogenous)

dictate the number, frequency, and distribution of samples required. For
example, if a material is known to be truly homogeneous, a single sample

3 might suffice to define its quality. However, if a sample is heterogenous,

a number of samples collected at specified time intervals or distances may3 be necessary to define the characteristics of the subject materials.

The number of samples collected at a site will also depend on the5 anticipated use of the data, the degree of accuracy (level of confidence)

desired, and the cost of collecting and analyzing the samples. Statistical

methods and formulas are available to estimate the appropriate number of

samples required to obtain representative data within a specified level of
confidence. The methods take into account sample variability and the degree3 of accuracy desired to derive a statistically valid sample number.

Basically, the smaller the sample variability, the fewer samples required3 for a given level of accuracy. Conversely, the larger the sample variance

and/or the greater the accuracy desired, the greater the sample size
required.

3.1.1 Sample Types

There are basically six major types of samples that may be used in the

site characterization effort. These sample types are briefly summarizedi

3 below.

3 Individual Grab Samples. An individual grab sample is an isolated
sample collected from one specific sampling point at a given time and

placed in its own container for individual analysis. It provides

U information about the sample media at the exact time of collection and
for a specific sampling point. Volatile organics (which may be lost by3 other sampling methods) can be collected in grab samples.
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Simple Composite Samples. A simple composite sample is a combinationI sample comprised of subsamples collected either from various locations
within a population or from the same location at various times. The3 subsamples are combined to form as homogenous a mixture as possible.
Simple composite samples provide an estimate of the mean value of the

parameter of interest, but cannot provide information about the highI and low concentrations within the subsamples. They can also be used to
screen an area for the contaminant of interest, but will not provide3 information on the spatial or time distribution of contaminants.

Sequential Composite Samples. A sequential composite sample is aI sample formed from combining a series of simple composite samples. It
is very useful for looking at the overall averages of a waste stream

I which varies significantly with time (e.g., an outfall from a plant
which conducts batch dumping).

I Hand-Proportioned Composite Samples. Hand-proportioned samples are
subsamples manually composited in proportion to the effluent flow. The3 subsamples may be individual samples or proportional sequential
composite samples.

I Automatically-Proportioned Composite Samples. Composite samples are
collected automatically by using equipment that can vary the size of

* the subsample in proportion to the total effluent flow.

Continuous Samples. Continuous sampling involves routing a smallI amount of the waste stream through a continuous monitor for direct
measurement of contaminants. Continuous sampling may be used to5 monitor stack emissions/liquids for compliance/exposure levels.

3 3.1.2. Sampling Strategies

Sampling programs for site characterization activities will be designed
* to provide statistically valid data within a specified confidence level .

Selection and implementation of the proper strategy will depend on the3 objectives of the sampling plan and the amount of information available on the
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parameters of interest. The following sampling strategies will beI considered in developing the SSMP sampling plans:

Simple Random Sampling. Simple random sampling uses the theory of

random chance probabilities to choose representative sample locations.
Random sampling is generally employed when little information is

available on the contaminants or their spatial distribution within a
population. This strategy is most effective when the population is3 large enough to lend statistical validity to the random selection
process. Random sampling is implemented by overlaying the sample
population (e.g., field, profile, group of drums) with a grid, and

through the use of random number tables, selecting sampling points on
the grid. Data taken in this manner show progressively less error with3 increasing numbers of samples collected.

Stratified Random Sampling. Stratified random sampling is a refinement3 of the simple random sampling approach to increase the accuracy of the
data. It is generally employed when sufficient information is3 available to divide the population into relatively homogenous
subpopulations (i.e., the subpopulations are individually more3 homogenous than the total population) based on the parameters of
interest. The strategy is implemented through the collection of random
samples of the subpopulation (e.g., vegetation samples that have been3 collected at randomly selected points according to the percentage of
area each type of vegetation covers). The precision of the data will£ generally increase with an increase in the number of stratifications
(subpopulations). However, the increase in numbers of analyses must be

* weighed against the actual gain in precision.

Systematic Sampling. Systematic sampling is also aimed at increasing3 the accuracy of the sampling data through the collection of samples at
predetermined, regular-interval sampling points. This strategy is
implemented by overlaying a grid over the population (e.g., site) andU collecting samples at the grid intersections or at points equal
distances away from each other. Systematic sampling introduces bias3 when there are periodic variations/trends in the population that may
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3 become partially phased with the sampling points.

Stratified Systematic Sampling. Stratified systematic sampling involves3 the systematic collection of samples from subpopulations in proportion
to the relative size of the subpopulation within the total population.
It can only be employed when sufficient information is available to

divide the population into relatively homogenous subpopulations (i.e.,
the subpopulations are individually more homogenous than the total5 population) based on the parameters of interest.

Judgment Sampling. Judgment sampling involves the selection ofI sampling sites based on the information base of the sample collector.

Such samples are inherently biased; however, they may be used to5 document the presence (but not the absence) of particular contaminants.
They may be very useful for situations in which the investigator knows

where to look for a particular contaminant or is taking only a limited

number of samples such as during initial screening/scoping (i.e.,
reconnaissance) activities. Depending on the knowledge of the3 investigator, this type of sample may provide more information than a
sample taken at some statistically random point.

13.2 SAMPLING EQUIPMENT AND PROCEDURES

5 Sampling activities will be conducted at the sites using a variety of
equipment and procedures. The equipment and procedures will be selected on
a site-specific basis depending on the media and the nature of the

contaminants to be sampled. This section provides a summary of some of the
available equipment and methods for sampling materials that may be3 encountered during the site characterization activities. Each sampling plan
will incorporate specific factors and the SSMP plans will include a detailed3 description of the procedures selected. Sampling equipment and procedures
will be selected to obtain representative samples with minimal introduced

interferences and to minimize personnel risk/environmental releases.
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Numerous standardized methods are available for sampling contaminant

sources and collecting environmental samples. The GMP will use EPA-approved

and DOE-approved methods for sample collection whenever possible. If no EPA

U or DOE method is available, the samples will be collected using the best
available methods from other sources [i.e., the American Society for Testing

and Materials (ASTM), and the American National Standards Institute (ANSI)].

These alternate methods will be reviewed by EPA as part of the SSMP review

cycle. The laboratory analyzing the samples should also be consulted before

I samples are collected to be sure that the collection methods, number, and
quantity of samples are compatible with the analytical techniques to be
employed. The Quality Assurance/Quality Control (QA/QC) Plan contains a

description of the QA/QC procedures for sample collection.

I3.2.1. Preparation of Sampling Eguipment
* Sampling equipment must be prepared for field use prior to the

initiation of the sampling effort. Because contaminated samplers can cause

cross-contamination of samples, proper cleaning of equipment before

I and between each application is imperative. If samples are expected to
contain very low concentrations of contaminants, new unused (or disposable)3 sampling equipment may be necessary. Disposable samplers may also be
needed for sampling media with very high concentrations of contaminants that

* will be too difficult or too expensive to remove.

The first step of sampler cleaning is to remove any materials or3 residues from the sampler. The method for removal of the residue will depend

on the nature of the material present. Most residues can be removed by

scrubbing in a warm detergent solution. However, petroleum products/oilyI residues should be removed with organic solvents (usually hexane or
acetone) and wipes prior to cleansing with water. After all the residue has3 been removed, the sampler should be rinsed thoroughly in tap water, then in

distilled water, and then completely dried. Steam cleaning may also be

used for cleaning large pieces of sampling equipment as long as care is

taken to ensure that all residues are completely removed. Contaminated
water and solvents from the cleaning process should be collected and treated3 as hazardous waste.
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Following cleaning, sampling equipment should be protected fromI contamination by wrapping/packaging and storing in a clean place until
needed. The sampler cleaning process should be periodically checked3 (quality control) by rinsing the samplers and submitting the blanks for
analyses.

3.2.2 Source Sampling

1 Sampling of contaminant sources involves the collection of samples
from air emission sources, liquid effluent streams, liquid waste containers

(e.g., bottles, drums, tanks, surface impoundments), and/or solid wastes

(e.g., containers, piles, trenches, pits). In some cases, environmental
contamination may also be considered a contaminant source because of the3 high concentrations of contaminants present (e.g., highly-contaminated
leachate). Contaminant sources are generally characterized by fairly high
concentrations of hazardous materials that may or may not be well contained.

Because contaminant sources generally represent the highest concentration of
hazardous materials, special precautions will be identified in the plan

* and implemented to minimize personnel exposure and to control releases of
materials. Source sampling may be conducted using grab samples, composite3samples, proportional samples, or continuous samples. When continuous
sampling is used, it should be augmented by proportional composite samples

and grab samples when specified levels are exceeded.

Collection of samples for the site characterization effort will be3 conducted in accordance with the sample plan design and sampling procedures

identified in each SSMP. The following general guidelines will3 be incorporated into each SSMP:

0 The sampling approach will be well outlined prior to initiation of
the sampling effort.

30 Sample containers will be cleaned and marked with the designated
sample number using a wax pencil or temporary label.
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o A system for decontaminating the outside of the sample containersI will be established. Following decontamination of the sample
containers, permanent sample tags will be affixed and the samples
logged on the chain-of-custody record (Section 5).

0 Preservation techniques will be employed in the field asI appropriate (Section 4).

0 Transportation will be arranged in advance to avoid long delays in
getting the samples to the laboratory for analyses (Section 6).

I Sampling of contaminant sources can be used to quantify and confirm the
nature of the source and assess the mobility of the contaminants. Some of

* the more commonly practiced methods for sampling sources are summarized in
the following paragraphs and tables. Selection of an appropriate sampling
method will depend on the waste containment and the physical state of the

waste.

1 3.2.2.2 Liquid Effluent Stream Sampling Methods

Liquid effluent streams may be sampled to determine source terms andIevaluate compliance. Sampling points must be selected to obtain a
representative characterization of both the quantitative flow and the3 quality of the effluent stream.

The type of samples collected will depend on the site-specificI characteristics of the discharge. The following guidance is provided for
consideration in the development of each SSMP:

0 Grab and/or simple composite samples are seldom representative of
liquid waste streams unless discharge is only from a continuous

uniform process, or unless many samples are collected at frequent
intervals over a wide time period. Grab/simple composite samples

* do not reflect either average concentrations or maximum values.
However, grab samples can be useful in sampling liquid effluent
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streams for volatile organics (which may evaporate during the

collection of other types of samples).

0 Proportional composite and/or continuous samples will generally
provide the most representative sample data (except for volatile

organics). Continuous monitoring methods can be used to ensure

that contaminant concentrations do not exceed specified levels.

3 3.2.2.4 Solid Waste Sampling Methods

Solid wastes may consist of various chemicals, miscellaneous waste

materials (e.g., contaminated building debris, metals), or contaminated
soil . The wastes may be contained in drums, buried in trenches/pits, or3 dumped in piles. The equipment/method selected for sample collection will

depend on the nature of the material to be sampled and the containment of
the material. Specific equipment/methods will be identified in each SSMP.

A summary of some of the sampling equipment/methods in provided in Table 1.

I 3.2.3 Air Pathways Sampling

Contaminants released from hazardous waste sites through vapor release

or resuspension of particulates can be transported to other areas through the
air pathway. If potential sources such as open containers, heavily3 contaminated soils, or gas vents are identified during the initial site

inspection, air monitoring programs may be include in the SSMP.

I The principal goal of an air sampling program will be to quantify
source terms and evaluate migration potential through the air pathway.3 Sites for air monitoring stations will be selected based on the source
emissions, climatological considerations (primarily wind speed and
direction), and the local topography. Background stations will be installed

if necessary to adequately assess the situation and interpret the data.
Specific monitoring requirements and sampling procedures will be identified3in each SSMP. The following general guidelines will be considered in SSMP

development:
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o Air sampling devices should be located to minimize interference
* from obstructions and ground dust.

o Air sampling devices should be equipped with real time flowI recorders to accurately reflect the volume of air sampled. Flow
rates will depend on the sampling device and contaminants.

* Automatic timers can be used as appropriate.

0 An anemometer and wind direction recorder should be located in theI vicinity to collect wind data.

o Barometric pressure, relative humidity, and ambient temperature
readings will be recorded in conjunction with the air sampling

* data.

0 Impingers/absorbents/filters will be selected for the specific
* contaminants of interest according to EPA methods or other

approved methods as appropriate.

o Samples for volatile organics will be sealed, packed in dry ice,
and sent for analysis as soon as possible.

3.2.4 Surface Water Pathways Sampling

U Surface water sampling may be conducted as part of the site
characterization activities to determine migration potential from theIsurface water pathway. The surface water sampling program will include
collection of both water samples and sediment samples. The type, location,

* and frequency of samples will depend on the site-specific conditions.
Specific equipment/methods will be identified in each SSMP. EPA-approved

* methods and guidance will be used as appropriate.

3.2.4.1 Surface Waters

To obtain representative surface water samples, the hydraulics of the
water course must be determined prior to sampling. Representative sampling
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points will be selected to reflect both the quality and the quantity of

Icontamination. Because surface water quality normally varies considerably

over time, grab, composite, and/or sequential composite samples will be

3 collected and/or continuous monitoring will be conducted, as appropriate, to

indicate contaminant loadings and migration potential .

I In large ponds and lakes, nonuniform vertical mixing of chemical

constituents often occurs because of wind and temperature changes, the shape

3 of the lake basin, biological activity, and other factors. Therefore, water

samples will be collected from different depths as appropriate.

I Equipment/methods for sampling surface waters depends on the physical

conditions of the surface water body and the chemical contaminants of

interest. A brief summary of some of the EPA-approved water sampling

equipment is provided in Table 2. Streamflow measurements will also be

* recorded as part of the sampling program as appropriate.

3.2.4.2 Sediments

U Sediment samples can provide additional information on the transport of

* contaminants that may partition onto soil particles or settle out in

I deposits on the bottom of the watercourse. While sediments are generally

saturated, sampling procedures are generally similar to those used for soil

sampling (Section 3.2.6). Equipment includes scoops or trowels, sampling

triers, soil augers, waste pile samplers, dredges,and split spoon samplers.

I When sediment sampling is conducted simultaneously with surface water

sampling, the water sample should be obtained first (and upstream of

* sampling personnel) to minimize the amount of suspended solids in the water

sample. Sediment sampling equipment and techniques must be designed to

minimize the risk of dilution or loss of material as the sample is moved

through the water column.
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3.2.5 Groundwater Pathways Sampling

Groundwater monitoring will be conducted as part of the site
* characterization effort to identify subsurface pathways of contaminant

migration and to define the areal and vertical extent of subsurface
contamination. This information will be used in assessing the risks toI humans and the environment through the groundwater pathway. Computer
modeling of groundwater movement and contaminant migration may be conducted
as part of the risk assessments. If models are to be used in the
evaluation, sufficient data should be collected during the site
characterization effort to provide input to the models.

3.2.5.1 Saturated Zone

U The groundwater monitoring must consider both the hydraulics (movement,
rates, and directions of groundwater and contaminant flow) and the qualityIof the groundwater. This information can be obtained through data
collection from appropriately located monitor wells and piezometers.
Because of the relatively high cost of wells and piezometers, their utility
can be optimized by using indirect geohydrological data to select sampling
locations. Indirect data can be obtained from existing hydro-geologic mapsI and reports, aerial image interpretation, soil-gas analysis, geophysical
surveys, and other techniques. Typically, groundwater studies are conducted

* in several stages to take advantage of new information derived from indirect
and direct sources.

I The equipment/methods for groundwater sampling may be found in the
following references: Johnson 1986; Freeze and Cherry 1979; Kruseman and
DeRidder 1976; Van der Leeden 1983; Walton 1970; Everett 1980; Sanders
et al. 1983; and Sisk 1981. EPA-approved methods will be used whenever
possible. Drilling methods and well casing and screening materials forImonitoring wells are summarized in Tables 3and 4.

Methods of drilling, well completion, and well development will vary
depending on site conditions. General precautions that should be followed

* at all sites include:
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o Prevent hydraulic connections between different stratigraphicI units while drilling

0 Seal completely the screened interval from overlying layers

0 Manage water pumped or blown from the well during developmentI properly, and

o Clean all equipment to prevent downhole cross-contamination.

Sampling method selection criteria and sampling devices for monitoring

wells are summarized in Tables 5 and 6. Samples should be carefully drawn

and preserved to maintain the integrity of the samples and prevent cross

contamination between strata. Methods that allow excessive exposure to the

atmosphere, to other gases, or to other strata should not be used if they
might influence the measurement of specific constituents. For example,I exposure of the sample to the atmosphere, to other gases, or to other strata
may result in changes in the concentration of dissolved gases in the sample.3 These changes can alter the pH of the sample, which in turn can alter the
dissolution of specific constituents, particularly metals, and influence
water quality measurements. Similarly, changes in the redox potential and,

consequently, in the chemical species present may result. Exposure of the
sample to the atmosphere or to reduced pressures can also result in the

degassing and loss of volatile organics from the sample.

Collection of immersible fluid samples requires special proceduresI because evacuation immediately prior to sampling is not appropriate. A

sample of the floating immersible may be taken by using a bailer that fills
from the bottom. Care should be taken to lower the bailer just through the

floating layer but not significantly down into the underlying groundwater.

Samples of the groundwater at the bottom of the screen and at some

intermediate location, such as the midpoint of the screen, may also be
obtained with a bailer. Sampling of a dense immersible can be accomplished3by using a grab sampler. Pumps with intakes located in immersible fluid may

also be used. If a pump is used, it must be operated at a sufficiently low

* rate to ensure that no mixing occurs.
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3.2.5.2 Unsaturated Zone

Groundwater risk assessments need to include characterization and
assessment of the unsaturated (vadose) zone. The unsaturated zone is
described as the layers of soil or parent material between the surficial
layer and the saturated (groundwater) zone. The movement of moisture inI this zone is usually relatively slow; however, under some conditions, a
rapid downward flux of moisture may occur. The unsaturated zone will be
monitored, as appropriate, to define the spatial distribution of
contamination and to detect any significant movement of contaminants

downward towards both soil cores and soil-pore liquids. The number,I location, and depth of soil core and soil-pore liquid samples collected will
be determined on a site-specific basis to allow an accurate indication of
both water and soil quality. The study of the unsaturated zone is usually
more difficult to implement than studies of groundwater. Techniques for
monitoring the vadose zone are not as well developed as techniques forI monitoring groundwater; however some guidelines for vadose zone monitoring
may be found in the following references Wilson 1979; Wilson 1981; Wilson
1982; and Wilson 1983. Vadose zone sampling techniques are briefly
summarized in Table 7.

I 3.2.6 Land Migration Pathways

* The site characterization activities will include sampling of land
migration pathways. The land pathways sampling program will be primarily
directed at collecting soil samples. The type, location, and frequency ofI samples collected will depend on the site-specific conditions. Specific
equipment/methods will be identified in each SSMP Sampling Plan. EPA-
approved methods and guidance will be used as appropriate.

Soil sampling is conducted to determine the general soil
characteristics and the type, degree, and extent of soil contamination
resulting from various operational activities and disposal practices.

* Selection of the most appropriate sampling techniques and equipment to be
used for soils will be dependent on the soil type and condition, the sample
depth, and the amount of material required for analysis. The major
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TABLE 7. VADOSE AONE MONITORING TECHNIQUES

Methods Applications

I Soil core samples
1) triers very shallow core samplers
2) oakfield shallow core samples
3) bucket augers good quantity cores to approximately

60 m

4) power driven continuous

* corers

5) power driven split spoon very good quality cores to

approximately 60 m

Soil-pore liquid samples

U1) pressure vacuum lysimeters generally good for field application
ceramic cup may affect water qualityI not recommended for volatiles

2) trench lysimeters samples only free water in excess of
saturati on
required excavation of large trench

3) vacuum extractors gives quantitative estimate of moistureI delicate instrument, trained operator
poor in clay soils

Source: Extracted from EPA 514-846.



differentiating factor in the selection of techniques and equipment is the
depth of the sample. Surface samples are generally easy to obtain using
hand equipment. Subsurface samples are obtained by drilling or by
excavating test pits. Soil sample collection methods are summarized in

Table 8. In order to minimize the chances that samples will be cross
contaminated, all sampling equipment must be carefully cleaned before each
use (Section 3.2.1).

Subsurface sampling is conducted to obtain soil from known depths inI order to evaluate site characteristics, detect the presence of any
contaminants, and to evaluate the potential for pollutant migration. Drill
rigs or backhoes are generally necessary to collect subsurface soil samples.
Subsurface samples may be obtained continuously, at predetermined depths, or
at every change in lithology. Continuous sampling provides the most

accurate record of subsurface conditions for interpretive purposes but is
not always necessary, depending on the objectives of sampling. Test pits

* may be used to expose shallow soil units in order to obtain detailed soil
descriptions and multiple samples from specific soil horizons.

I In addition to field sampling logs, descriptive logs of visual soil
characteristics should be maintained for all soil sampling operations. The
log should contain a description of the soil horizons, including soil color
(visual inspection or Munsell Color Notation), texture (USDA or a unified
soil classification system including grain size), density (standard

penetration tests) or consistency, measurements made with organic vapor
detectors, and relative moisture content.

3.2.7 Biotic Sampling and Evaluations

The collection of biotic samples (flora and fauna) will be conducted as
part of the site characterizations to provide information relative toIcontaminant migration for risk assessments. The type of samples collected
will depend on the site-specific conditions and will be detailed in each
SSMP. However, in general, important food chain species (including domestic
species as appropriate) and biological indicator species will be targeted

* for evaluation.
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In addition, biotic communities may be evaluated (but not necessarilyI sampled) to provide information on community disturbances and assess
environmental effects. These evaluations may include surveys for invader

species (indicating past distrubance or contamination), surveys to detect

community composition changes, characterization of endangered/threatened

species habitat (to minimize impact from a site), and/or quantification of

biomass production relative to total regional availability.

3.2.8 Geophysical Investigations

Geophysical techniques may be used in the site characterization effort

to locate and provide additional information on hazardous waste sites and
contamination plumes. Geophysics will be primarily used to collect

* reconnaissance data and provide input for selection of sampling sites and

groundwater monitoring locations. Geophysical surveys may be used to:

0 Detect unknown waste deposits, pipes, and cables;
o Determine lateral boundaries of plots and trenches;

0 Determine the thickness of overburden material;

o Discriminate between metallic and non-metallic materials;

o Map chemical contaminant migration plumes;

0 Locate sinkholes; and
o Determine the depth to groundwater and bedrock.

U A general summary of geophysical methods is provided in Table 9. The
application of geophysical surveys will be identified in each SSMP.

I Geophysical methods can provide useful reconnaissance information through
indication of soil disturbances, buried objects, and changes in

conductivity/resistivity. However, geophysical investigations cannot

specifically identify the nature of the objects or locate buried

objects/contaminant plumes with a high degree of resolution. Geophysical

I data collected under Section 3.2.8 will not be used to provide definitive
answers.
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U TABLE 9. GEOPHYSICAL METHODS

Techniques Applications Depth

3Metal Detector Large metal objects shallow

Magnetometer Iron and steel 10 ft

I objects

3Ground Penetrating Anomalies in 5 to 100 ft
the soil column

trenches, pits, voids

Aerial Imaging3 thermal Vapor releases NA
.photography Surface anomalies NAg Vegetation changes

Acoustic Reflection Buried objects

Metall1ic/nonmetallic

in tight/moist soils
(poor resolution)

Electrical Resistivity Buried objects 25 ft3 Metallic/nonmetallic
in tight/moist soils

IElectrical Conductivity Buried objects 25 ft
(poor resolution)

USeismic Techniques Site geology
Groundwater contaminationI in unconsolidated sand

Bore Hole Geophysics Stratigraphy and variable

lithology evaluations

* Water quality determinations

A-35



3.2.9. Radiological Surveys

Radiological surveys may be necessary to locate radionuclide

contamination and to characterize the types of radionuclides present.
Radiological contamination can be measured directly through monitoring for

gross alpha and beta or x-ray/gamma, or it may be determined by sampling

soils, sediments, surface waters, groundwater, suspended particulates,
and/or biota.

Some analytical measurements for soil and water sampling are discussed

in Section 7. When soil samples are collected and analyzed for alpha

contamination, the soils must be dry to prevent shielding by soil water.

3.2.9.1 Surface X-Ray/Gamma Measurements

External x-ray/gamma measurements may be used to estimate the near

£ surface extent and levels of x-ray/gamma contamination present at a waste
site and to estimate the potential health effects from external exposure.

Standard x-ray/gamma survey instruments are commercially available and

include high purity germanium detectors, sodium-iodide crystal scintillation
counters, and portable survey counters. Because the instruments differ in1 their sensitivity for gross measurements, a microR meter should be used for

most environmental measurements. If very high radiation levels are

expected, a miliR meter willbe adequate. Calibration of the instrument at

regular intervals using a source of known strength is important. (Because
the x-ray/gamma spectrum is dependent upon the source used, some errors in
the absolute readings will result if the radionuclides being surveyed give a
somewhat different spectrum from the source.)

Surficial (depth less than 20 cm) x-ray/gamma contamination can be

detected by walking the area (on a grid superimposed over the site) holding

I the survey meter at a constant height above the ground. The relative
differences between readings on the site and background measurements (made

* under similar conditions including similar soils) can be used to identify
areas of potential contamination.
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3.2.9.2 Surface Alpha and Beta Measurements

External alpha and beta measurements may be used to estimate the nearI surface extent and levels of alpha and beta contamination present at a waste

site, and to estimate the potential health effects from external exposure.

Standard portable alpha and beta survey instruments are commercially

Iavailable. Because of the very short range of alpha particles, Alpha

detection instruments must be in close contact with the sample. Calibration3 of the instruments at regular intervals using a source of known strength is importal

measurements are only useful for high intensity fields that approach personnel safe

be adequately surveyed by laboratory analysis of collected samples.

3.2.9.3 Borehole Measurements

U Down hole radionuclide measurements may be required to characterize the
radionuclide concentrations as a function of depth. Standard gamma logging
iruet are available for making borehole measurements, including a

thallium-enriched analyzer. Borehole instrumentation must be calibrated to

* the sample medium to provide meaningful results.

4. SAMPLE CONTAINERS, PRESERVATION, AND HOLDING

To minimize changes in the chemical quality of a sample during shipping

and storage prior to analysis, the investigator should use proper containers

and adequate procedures for sample preservation and shipment. In some
cases, the investigator may also need to split the sample into several3 different samples, specifying different sample containers and preservation

methods for each sample based on the analyses of interest.

Methods of preservation are relatively limited and are intended

generally to (1) retard biological action, (2) retard the reaction ofI chemical compounds and complexes, (3) reduce volatility of constituents, and
(4) reduce absorption effects. Preservation methods are generally limited

to pH control, chemical addition, refrigeration, and freezing.
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U 4.1. SAMPLE CONTAINERS

The most important factors to consider when choosing containers for3 hazardous material samples are compatibility, resistance to breakage,
volume, and compliance with Department of Transportation (DOT) shipping

* regulations.

The sample container requirements for soil/sediment and aqueous samples3 are summarized in Tables 10 and 11, and for wastes are summarized in Table
12.

I Sample container materials will be selected to reduce interference
with the chemical parameters of interest. Glass and polyethylene containers3 are the most commonly used. Polyethylene containers and caps are preferred
for metals. Glass containers with Teflon-lined caps must be used for
organics. Teflon-faced septa are used for volatile organics. The selection£ of containers, closures, and linings must be coordinated with the analytical
laboratory, which may require specific containers for certain analyses.

Selection of container size w ill depend on the quantity of sample
needed for analysis and the nature of the material. The container should beI large enough to contain a sufficient sample for analysis, split analysis,
hand/or archiving. However, using excessively large containers will increase
storage problems and shipping costs. In addition, containers for samples

that may contain volatile compounds should be selected to minimize the

1 amount of empty space in the container.

Depending on the analyses to be performed and the nature of the samplesft being collected, the sample containers must be treated according to specific
procedures. Some general guidelines are provided below. More specificg cleaning instructions will be given in the SSMPs as necessary.

o General Bottle Cleaning:

0 Procedure; rinse bottles with tap water, soak bottles inI phosphate-free detergent solution for approximately 30
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I TABLE 12. SAMPLES CONTAINERS FOR WASTE

3Recommended Recommended
Waste Type Container Closure Analysis

Photosensitive Amber HDPE or LPE caps for HDPE Waste character-

Iwastes amber glass bottles; Bakelite ization per
bottles 1,000 or caps with Teflon 40 CFR-Part 261

2,000 mL liners for glass

bottles

IPesticides, Wide mouth Bakelite caps with Waste character-
hydrocarbons, borosilicate Teflon liner ization per3chlorinated glass bottles 40 CFR-Part 261
hydrocarbons, 1,000 or 2,000 mL

petrol eum

distillates

Oil wastes Wide mouth Bakelite capes with Waste character-

borosilicate Teflon liner ization per
glass bottles 40 CFR-Part 2611 1,000 or 2,000 mL

ftStrong alkali or HOPE bottles, LPE caps Waste character-
hydrofluoric wide mouth ization per
acid 1,000 mL 40 CFR-Part 261

Aqueous wastes-- Borosilicate Caps with Teflon Waste character-
characterization glass bottles liner ization per
of organics 1,000 or 2,000 mL 40 CFR-Part 261

1solids (sludge, 8 oz wide mouth Bakelite caps with Waste character-
soil, granular) glass bottle Teflon liners ization per£ 40 CFR-Part 261
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minutes, scrub bottles with a brush, rinse bottles several
times with tap water to remove the detergent, rinse bottles

thoroughly several times with distilled water, rinse bottles3 with methanol, oven dry for one hour at 300 0F.

go Bottle Cleaning for Metals Determination:

o Procedure; follow general bottle cleaning procedure, add 1:1

nitric acid to bottles, cap, and shake briefly, allow bottles

to stand for approximately 30 minutes, shaking them
intermittently, pour acid from bottles and rinse them with

tap water, repeat steps 2, 3, and 4 with 1:1 hydrochloric

acid, rinse bottles thoroughly several times with deionized3 distilled water.

o Bottle Cleaning for Oil and Grease Determinations:

o Procedure: follow general bottle cleaning procedure, rinse

bottles (excluding caps) with acid solution, pour acid from

bottles and rinse them with tap water, rinse bottles
thoroughly several times with distilled water, rinse bottles

with Freon-113. (Do not mix Freon with nitric acid.)

£o Bottle Cleaning for Extractable Organics:

0 Procedure; follow general bottle cleaning procedure, rinse
bottles several time with distilled water, rinse bottles and3 caps two times with pesticide quality hexane.

Note 1: Chromic acid may be used to remove organic deposits from

glassware; however, the glassware must be thoroughly rinsed with water
afterward, and the last traces of chromium are nearly impossible to remove.
The chromium residues may interfere with chromium analysis. Chromic acid

should not be used with plastic bottles
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Note 2: If it can be documented through an active analytical quality

control program using spiked samples and reagent and sample blanks that

certain steps in the cleaning procedure are not required for routine5 samples, those steps may be eliminated from the procedure.

* 4.2 PRESERVATION TECHNIQUES AND HOLDING TIMES

In general, chemical analyses of samples should be conducted as soon as1 possible after sample collection. However, because samples are normally
transported from the field to a sometimes distant analytical laboratory,

some preservation is necessary to maintain the integrity of the samples.

I Samples will be preserved and stored in accordance with EPA-approved methods
and holding times. Sample preservation measures are summarized in Tables3 10 through 12. More specific information will be provided in the SSMPs.
The guidance provided in the analytical methods documentation should also beI consulted.

Sample preservation should be initiated in the field at the time the

samples are collected. The preservation may include the addition of

chemical reagents, refrigeration (or icing) to less than 40C, and/or the

storage of sample containers in the dark. In some instances, the optimalI method for sample preservation can not be used because of shipping
restrictions (Department of Transportation (DOT) regulations) or other5 special circumstances. When this occurs, the best alternative preservation

method should be used. Samples containing high concentrations of hazardous

materials should not be chemically preserved or packed in ice.

5. SAMPLE CONTROL AND DOCUMENTATION

All information pertinent to field sampling activities must be recorded

as part of the CERCLA Site Characterization documentation archive. The

I purpose of sample control and documentation is to ensure that samples are
documented and documents for a specific project are accounted for when the5 project is completed. Accountable documents include items such as logbooks,

data records, correspondence, sample tags, graphs, chain-of-custody reports,

analytical records, and photographs. Each document should bear a serial
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number and should be listed, with the number, in a project document
inventory assembled at the completion of the project. The documentation

coordinator assigned to an installation or specific site will number all
logbooks, sample tags, graphs, chain-of-custody records, photographs, and

other records.

Project logbooks (bound books with consecutively numbered pages) will

be assigned to project personnel to keep records for each site
characterization. The logbook will be the responsibility of the assigned

individual, and transfers of the book will be entered and signed as part of
the record. In addition, a field logbook (also a bound book with

consecutively numbered pages) will be kept to record all field activities.
Entries in the logbook must include at least the following:

o Date and time of entry;

o Purpose of sampling;

o Name and address of field contact (federal, state, local

representative);

o Producer of waste and address (if known);

o Type of process producing waste (if known);

o Type of waste (sludge, waste water, etc.);

o Description of sample;

o Waste components and concentrations (if known);

o Identification number and size of sample taken

o Description of sampling point;

o Date and time of collection of sample;

o Collector's sample identification number(s) and/or name;

o References such as maps or photographs of the sampling site;

o Field observations; and
o Any field measurements made, such as pH.

Because sampling situations vary widely, notes should be as descriptive

and inclusive as possible. Someone reading the entries should be able to

reconstruct the sampling situation from the recorded information. Language

must be objective, factual, and free of personal feelings or any other
inappropriate terminology. All entries in the field logbook must be dated
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and signed. In addition, no erasures or scratchouts are permitted, andI corrections must be logged in as separate entries. All project logbooks are
to be turned over to the coordinator at the completion of each work period3 and sent to a central file at the completion of the field activity.

£ 5.1. CHAIN-OF-CUSTODY PROCEDURES

Figure 1 is an example of a chain-of-custody/record. Chain-of-custody3 procedures will be employed for all samples collected during CERCLA site
characterization activities. Chain-of-custody procedures provide a written

record of the persons responsible for handling samples.

A sample is in someone' s "custody" if:Io It is in one's actual possess, or
o It is in one' s view, after being in one's physical possession, or

o It is in one's physical possession and then locked up so that no one

I can tamper with it, or
o It is kept in a secured area, restricted to authorized personnel5 only.

5.2. SAMPLE LABELS

Each sample must be sealed immediately after it is collected and

labeled using waterproof ink. The label tag must include at least the name

of the collector, date and time of collection, plant of collection, and the
sample number. Label tags may be filled out prior to collection to minimize
handling of the sampling containers. Figures 2 and 3 are examples of common
sample label or tag formats.

I Labels must be firmly affixed to the sample containers. Tags attached

by string are acceptable when gummed labels are not available or applicable.I The container must be dry enough for a gummed label to remain securely
attached.

Occasionally, sample containers are marked in the field using a etching

tool rather than immediately applying a sample label or tag. This avoids
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I FIGURE I
CHAIN-OF-CUSTIODY RECORD

3 SURVEY SAMPLERS: (sip.-)

SSttoLoain Date Time Sam le T S NAnlssRqied

S~mn Lcat~nWater A% o ____C

______ _ CapGiar__ __

Relinquished by- (sipaunrr Received by' (S-g -- Dae m)

IRelinquished by. (Sipn-w) Received by' (signawim) Date/Time

3Dispatched by. (sipgso) Date/Time Rcived for Laboratory by. (stpgeoe) Date/Time

Method of Shipment:

Distribution:I Ong - Ae-ipay Shpmnt
1 Copy - Sumwy= Coi.a1r ~d uR.

Figure 5.3. Chain-of-Custody Record

Source: Sampling for Hazanfdous Matenali (U.S. Environmental protection Agency,I Cimannati. Ohio. November 1984).
CGMP Wor" i. h Iuti y 198 SAWPING nIAN S eo 5. Pap 5-S
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FIGURE 2. SAMPLE LABEL

3 OFFICIAL SAMPLE LABEL

Collector ______________ ____ Collector's Sample No.__________________

Place of Collection___ _________

I ~ ~~Date of Sample _______________Time Sampled ___________________

j ~ ~~~~~~Field Information________________________________ _________

Example of Official Sample Label

Source: Sampbtng for Hazardou Matvwb~ (US. Environmental protection Agency,
Cinainnati, Ohio, November L994).
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FIGURE 3. SAMPLE TAGS

Piq C Id Swauio No. I 5-Mce I Mo./DyfYr. Time

Stationt Location, Camp Grade

ENVIRONME.NrAL PROTECTION AGENCY

-,cOFFICE~ OF ENFORC1ENmJT
NATIONAL ENPORCENT INVESTIGATIONS CENTER
BUILDING 33, BOX 25777, DENVER FEDERAL CENTER

DENVER. COLORADO B1=2

Sapler (Siparvr)

_____ ____ ____ ____Obverse

Sample Types/preserivalwes

1. Generl Incirpsucs/lcI 2. Metals. MNO c

5,Phenolic. HFI. &uO. &Ic
6. Cyanide, NaGH & Icc
7. Orpnic Coaracterizationi/Ice

I. Volatile Orpoica/Ice
9. General Organica/Ice
10, Tracr/None
11. Solghds. rIeganir/Ice ow FreezeI 12. Solid- Orpincs/Ice or Freeze
13. Biod - Inorganics/Irt or Freeze
14. Biol - Organics Ice or Freez
15. Source Miler. None
16.' Probe Wash, Nonte
17. lmptnp~r Catch, None
18Ambient I'dier/ None
19Solid Adsorbant/Ice or Freeze

2D Ambient Impinger/ Ainli or loe
21. Beetbas, Ellianol or Formal
22- CAmctsoocy Ic
23. Ftankion. Formal; MgO2. Lajo's

24. Chlerophyll/Ice or Freeze,

Reverse

Source: Samplng for Hiazardous Marerialr (U.S. Environmental Protection Agency,3 Cinmai Ohio, November 1984).
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possible label contamination probes and subsequent decontamination

I difficulties. In this case, the data intended for the sample ]abe] are
written into a sampling logbook and transcribed onto the label after the3 sample containers have been decontaminated.

The document coordinator records in the logbook the assignment of£ serial sample tags to field personnel. Sample tags must never be discarded.

Lost, voided, or damaged tags are immediately noted in the logbook of the

I person to whom they are assigned.

* 5.3. IDENTIFICATION OF SAMPLES

The number of persons involved in collecting and handling samples3should be kept at a minimum. Guidelines established in the SSMP Sampling

Plan for sample collection, preservation, and handling must be used. Field

records must be completed at the time the sample is collected and must beI signed or initialed, including the date and time, by the sample
collector(s). Field records must contain the following information:

o Unique sampling or log number;

o Date and time;Io Source of sample (including name, location, and sample type);
o Preservative used (if any);5 oAnalysis required;
o Name of collector(s);

o Pertinent field data (pH, dissolved oxygen, chlorine residue, etc.);I and
o Serial numbers on seals and transportation cases.

One member of the sampling team will be appointed field custodian. If

the documentation coordinator is present in the field, he/she may also be£ designated the field custodian. Samples will be turned over to the field

custodian by team members who collected the samples. The field custodian3 documents each transaction and the sample remains in the custodian's custody

until it is shipped to the laboratory.
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Each sample is identified by affixing a gummed label or standardizedItag on the container(s). This label or tag should contain the sample
identification number, date and time, of collection, source, preservative3used, analysis required, and the collector(s) initials. If a label or tag

is not available, the same information should be recorded on the sample3 container legibly and with waterproof ink.

The sample container should then be placed in a transportation case,
along with the chain-of -custody record, pertinent field records, and
analysis request form as needed. The transportation case should be sealed

or locked. A locked or sealed chest eliminates the need for close control

of individual samples. However, on those occasions when the use of chest is
inconvenient, the collector should seal the cap of the individual sample3 container in a way such that any tampering would be easy to detect.

When samples are composited over a time period, unsealed samples can beI transferred from one crew to the next. The transferring crew lists the
samples and a member of the receiving crew signs the list. The receiving

3 crew transfers the samples to another crew or delivers them to a laboratory
person, who signs for the samples.

£ 5.4. TRANSFER OF CUSTODY AND SHIPMENT

5 When transferring the samples, the person who accepts them must sign
and record the date and time on the chain-of-custody record. Custody
transfers made to a sample custodian in the field should account of each

sample, although samples may be transferred as a group. Every person who
takes custody must fill in the appropriate section of the chain-of-custody3 record. to minimize custody records, the number of custodians in the chain
of possession should be minimized.

I The field custodian is responsible for properly packaging and
dispatching samples to the appropriate laboratory. This responsibility3 includes filling out, dating, and signing the appropriate portion of the

chain-of-custody record.
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All packages sent to the laboratory should be accompanied by the chainI of custody record and other pertinent forms. A copy of these forms should
be retained by the originating office (either carbon or photocopy). Mailed3 packages can be registered with return receipt requested. For packages sent

by common carrier, receipts should be retained as part of the permanent
chain-of-custody documentation. Samples to be shipped must be packed so as£ not to break, and the package sealed or locked so that any tampering can be
readily detected.

5.5. PHOTOGRAPHS

* Photographs are the most accurate record of the field conditions at a

specified time. Information about photographs should be recorded in the3 field logbook and on the back of the photographs. This should include:

o Date and time;

o Signature of photographer;
o Name and identification number of site;
o oGeneral direction faced and description of the subject;
o Location on the site; and

o Sequential number of the photographs and the roll number.

If possible, photographs should be taken with a camera lens system with
* a perspective similar to that offered by the naked eye.

£ 6. HANDLING, TRANSPORT, AND STORAGE OF SAMPLES

Sample collected during CERCLA site characterization will be3 transported from the field to the analytical laboratory. The transportation
of samples must be accomplished not only in a manner designed to protect the
integrity of the sample, but also to prevent any detrimental effects fromIpotentially hazardous samples. Regulations for packaging, marking,
labeling, and shipping hazardous materials, hazardous substances, and
hazardous wastes are promulgated by the U.S. Department of Transportation

(DOT) and described in the Code of Federal Regulations (49 CFR 171 through

£ 177, in particular, 172.402h, Packages Containing Samples). Although these
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regulations were not written for the shipment of samples collected atI hazardous waste sites, the EPA has recommended packaging, markings,
labeling, and shipping samples in accordance with DOT procedures. The3 following guidelines for potentially hazardous CERCLA samples are based on

the same approach.

I Samples collected at a site should be classified either as
environmental (low contaminant concentrations) or hazardous (high

contaminant concentrations). A distraction between the two types of

samples, environmental and hazardous, must be made to (1) determine the

appropriate procedures for the transportation of the samples, and (2)

protect the health and safety of the laboratory personnel receiving the
samples. Special precautions, procedures, and containment will be used when

hazardous samples are received. If there is any doubt as to the

classification of a sample, it will be considered a hazardous sample and3 shipped accordingly.

6.1. ENVIRONMENTAL SAMPLES

Environmental samples are not considered hazardous materials. They3 will be packaged and shipped according to the following procedures.

0 Packaging/Packing. Sample containers that are properly3 identified, have a sealed lid, and are contained in sealed
polyethylene bags can be packed in fiberboard containers or metal
picnic cooler-type containers. Sufficient noncombustible,

absorbent cushioning material should be used to minimize the
possibility that the sample containers might break. To further3 reduce the possibility of leakage, the sample container, the
sample bottles, and absorbent material can be placed in a larger3 sealed bag.

o Marking and Labeling. Sample containers must have a completed3 sample identification tag. The outside container should be marked
"Environmental Sample." No DOT marking and labeling is required.
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0 Shipping Papers. No DOT shipping papers are required.

0 Transportation. There are no DOT restrictions on the mode of3 transportation.

3 6.2. HAZARDOUS SAMPLES

Samples expected to contain hazardous materials must be considered

3 hazardous substances and transported according to DOT requirement 49

CFR 172.101. If the material in the sample is known or can be identified,

then is should be packaged, marked, labeled, and shipped according to the

specific instructions for that material (if listed). For potentially
hazardous samples with unknown contents, the selection of the appropriate

3 transportation category is based upon the DOT Hazardous Material

Classification, a prioritized system of transportation categories. This

3 system is presented in Table 13.

The selection of the correct category for an unknown sample is through3 a process of elimination using the DOT classification system. Unless known

or demonstrated otherwise (through the use of radiation survey instruments),

the sample is considered radioactive and appropriate shipping regulations

for radioactive material will be followed. If radioactive material is
eliminated, the sample is considered to contain Poison "A" materials, the

3 next material on the list. Poison "A" is defined by DOT as extremely

dangerous poisonous gases or liquids of such a nature that a very small

amount of gas, or vapor of the liquid, mixed with air, is dangerous to life.

The class "A" poisons listed in 49 CFR 172.101 and their physical state at
normal temperatures are presented in Table 14.

If the classification of radioactive, Poison "A" flammable and

nonflammable gas, which require more stringent shipping procedures, can be

eliminated, then the sample may be classified as flammable liquid (or solid)
and shipped accordingly. Other categories of lower priority than flammable3 liquids/solids are generally not considered for unknown samples, because

eliminating substances as flammable liquids requires flashpoint testing,3 which is impractical and possibly dangerous if conducted at a site.
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TABLE 13. DOT CLASSIFICATION FOR HAZARDOUS MATERIALS

31. Radioactive Material
2. Poison "A"33. Flammable Gas
4. NonFlammable Gas
5. Flammable LiquidI6. Oxidizer
7. Flammable Solid18. Corrosive Material (liquid)
9. Poison B

10. Corrosive Material (liquid)I11. Irritating Materials
12. Combustible Liquid (in containers having capacity exceeding 110 gallons)313. ORM-B
14. ORM-A

15. Combustible Liquid (in containers having capacity of 100 gallons or less)

16. ORM-E
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I TABLE 14. CLASS "A" POISONS AND THEIR PHYSICAL STATE
AT ROOM TEMPERATURE

£Compound Physical State

3 ars ine gas
bromoacetone liquid

chioropicrin & methyl chloride mixture gasUchloropicrin & nonflammable, non-
liquified compressed gas mixture gas3cyanogen chloride gas at temperature greater

than 13.10C

cyanogen gas gasIgas identification set--
gelatin dynamite (H.E. Germaine)--3grenade (with poison "A" gas charge)--
hexaethyl tetraphosphate & compressed

gas mixture gas

hydroyanic acid (prussic solution) liquid
hydrocyanic acid, liquefied gas3 insecticide liquefied gas, containing

poison "A" or poison "B" materials gas

methyldichl oroarsine liquid

nitric acid gas
nitrogen peroxide gas3nitrogen tetroxide gas
nitrogen dioxide, liquid gas

parathion & compressed gas mixture gas

phosgene (diphosgene) liquid
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Additionally, unless the sample can be demonstrated to consist of materialI listed as being of a lower priority than flammable liquid, the samples must
be considered a flammable liquid (or solid) and shipped as such.

Materials are classified by the DOT as radioactive materials if the

specific activity is greater than 0.002 microcuries/gram. Most samples

collected under the CERCLA Site Characterization Program CEARP will have
specific activities less than this level; however, some samples could exceed3 these levels and would need to be transported as radioactive materials.

Samples classified as radioactive will be packaged and shipped according to
the DOT regulations for limited quantity radioactive materials as summarized

below.

0 Packaging, Marking, Labeling, and Shipping Papers. Limited
quantities of radioactive materials (materials whose activity per

package does not exceed the limit specified in 49 CFR 173423) are

excepted from the specification packaging, shipping paper and
certification, marking, and labeling requirements if they meet the3 following requirements: (1) the materials are packaged in strong,
tight, packages that will not leak any of the radioactive

materials during conditions normally incident to transportation;

(2) the radiation level at any point on the external surface of
the package does not exceed 0.5 mrem/hr; (3) the nonfixed

* (removable) radioactive surface contamination on the external

surface of the package does not exceed the limits specified in 49
CFR 173.443(a); (4) the outside of the inner packaging or if there

is no inner packaging, the outside of the packaging itself bears
the marking RADIOACTIVE; (5) the package does not contain more3 than 15 grams of uranium-235; (6) the package is certified as
being acceptable for transportation by having a notice enclosed in

or on the package/packing list which bears the name of the

consignor or consignee and the statement "This package conforms to
the conditions and limitations specified in 49 CFR 173.421 for3 excepted radioactive materials, limited quantity, n.o.s. UN2910"
or "This package conforms to the conditions and limitations
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specified in manufactured from natural or depleted uranium or

natural thorium, UN2909" (49 CFR 173.421).

0 Transportation. Limited quantity radioactive materials may be
transported by common carrier excluding aircraft.

I Samples classified as Poison "A" will be packaged and shipped according

to the following procedures.

0 Packaging. Collect samples in a polyethylene or glass container
with an outer diameter narrower than the valve hole on a DOT Spec.

#3A1800 or #3AA1800 metal cylinder. Fill the sample container,
allowing sufficient ullage (approximately 10% by volume) so it3 will not be liquid-full at 130 0F. Seal the sample container.
Attach a properly completed identification tag to the sample
container. With a string or flexible wire attached to the neck of

the sample container, lower the container into a metal cylinder
that has been partially filled with noncombustible, absorbent,3 loose packaging material (vermiculite or diatomaceous earth).
Allow sufficient absorbing material between the bottom and sides
of the container and the metal cylinder to prevent breakage or

absorb leakage. After the cylinder is filled with cushioning
material, drop the ends of the string or wiore into the cylinder3 valve hole. Only one sample may be placed in a metal cylinder.
Replace the valve, torque to 250 ft/lb (for a 1 inch opening) and
replace the valve protector on the metal cylinder using Teflon

tape. One or more cylinders may be placed in a DOT approved
outside container.

o Marking and Labeling. Use abbreviations only where specified.
Place the following information either hand printed or in label

form on the side of the cylinder or on a tag wired to the cylinder
valve protector: "Poisonous Liquid, n.o.s." or "Poisonous Gas,3 n.o.s. NA9035," and laboratory name and address, and place the
following DOT label on the cylinder: "Poisonous Gas" (even if the3 sample is liquid). If the metal cylinders are placed in an
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outside container, both the container and cylinders inside must3 have the same markings and labels as above. In addition,
"Laboratory Sample" and "Inside Packages Comply with Prescribed
Specifications" should be marked on the top and/or front side ofI the outside container. "THIS SIDE UP" marking must be placed on
the topside of the container, and upward pointing arrows on all

* four sides.

o Shipping Papers. Complete the bill of lading provided by the3 shipper and sign the certification statement with the following
information in the order listed. (If the carrier does not provide3 a certification statement, use a standard industry form.) One
form may be used for more than one exterior container. Use
abbreviations only as specified. "Poisonous Liquid, n.o.s.

NA9035, "Limited Quantity" or "Ltd. Qty.," net weight or net
volume. The net weight or net volume must be placed just before3 or just after the "Poisonous Liquid, n.o.s." marking. A chain-of-
custody record form should also be included in the container or3 with the cylinder.

o Transportation. Poison "A" categorized packages may not be trans-3 ported by common carrier aircraft, cargo only aircraft, or charter
aircraft. Samples may be shipped only by ground transport or gov-U ernment owned aircraft.

o The shipping container should be accompanied to the transport car-5 rier and, if required, the outside container opened for freight
inspection. Using the DOT "poisonous" classification does not
convey the certain knowledge that a sample is in fact poisonous,

or how poisonous, but is intended to describe the class of
packaging in order to comply with regulations.

Samples classified as flammable liquids or flammable solids will be3 packaged and shipped according to the following procedures.

A-64



o Packaging. Place samples in glass containers with nonmetallic,I Teflon-lined screw caps. Allow sufficient u]]age (approximately
10% by volume) so that the container is not full of liquid at
1300F. If an air space in the innermost container cannot be

tolerated in order to maintain the integrity of the sample, place
it within a second container to provide the required ullage.3 Attach a properly completed sample identification tag to the
sample container. Seal the sample container closure and place it
in 2-mil thick (or thicker) polyethylene bag, one sample per bag.

The sample identification tag should be positioned so that it can
be read through the bag. Place each sealed bag inside a separateI metal can that is the appropriate size to contain noncombustible,
absorbent, cushioning matter (e.g., vermiculite or diatomaceous
earth) to prevent breakage or absorb leakage. Pressure close the

can and use clips, tape, or other positive means to hold the lid
securely, tightly, and effectively. Place one or more metal cans3 (or single 1-gallon bottles), surrounded by noncombustible,
absorbing packaging material for stability during transport, into3 a strong outside container, such as in a cooler or inside an
approved fiberboard box.

30 Marking and Labeling. Use abbreviations only where specified.
Place the following information on the metal can (or 1 gallon1 bottle), either hand printed or in label form: laboratory name
and address, "Flammable Liquid n.o.s UN1993" or "Flammable Solid
n.o.s. UN1325". Not otherwise specified (n.o.s) is not used ifI the flammable liquid or solid is identified. In these cases, the
name of the specific material is used and listed before the3 category, for example, "Toluene-Flammable Liquid." Place the
following DOT labels on the outside of the can (or bottle):
"Flammable Liquid" or "Flammable Solid". The "Dangerous When Wet"I label must be used with the "Flammable Solid" label if the
material meets the definition of a water reactive material. The3 "Cargo Aircraft Only" label must be used if the net quantity of
the sample in each package is greater than 1 quart (for "Flammable3 Liquid," n.o.s) or 25 lbs (for "Flammable Solid" n.o.s) (49 CFR
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172.402, 172.101). If the cans are placed in an exterior

container, both that container and the inside can (or bottle) must
have the same markings and labels as above. The words "This End3 Up" or "This Side Up" must be clearly printed on the top of the
outer package. Upward pointing arrows should be placed on the
sides of the package. The words, "Laboratory Samples," should

also be printed on the top of the package.

30 Shipping Papers. Use abbreviations only where specified below.
Complete the bill of lading provided by the carrier and sign the
certification statement with the following information in the

order listed. (If the carrier does not provide it, use a standard
industry form.) One form may be used for more than one exterior3 container. "Flammable Liquid n.o.s UN1993" or "Flammable Solid
n.o.s. UN1325"; Limited Quantity (or Ltd. Qty); net weight or net
volume (abbreviations of weight or volume are acceptable).I Further descriptions such as "Laboratory Samples" or "Cargo
Aircraft Only" (if applicable) are allowed if they do not3 contradict the required information. The net weight or net volume
must be placed just before or just after the "Flammable Liquid
n.o.s." or "Flammable Solid, n.o.s." description. A chain-of-

custody record must be included in the exterior container.

0 Transportation. Unknown hazardous substances classified as
flammable liquids may be transported by rented or common carrier
truck or bus, by railroad, or by carg-only aircraft. SamplesI transported only by government-owned vehicles on government roads
do not require a DOT bill of lading with a certification.

o Other Considerations. Identifying samples as "flammable" does not

necessarily mean that a sample is in fact flammable but is

intended to prescribe the class of packaging in order to follow
DOT regulations. Shipping containers should be accompanied to the3 transport carrier and, if required, the outside container(s)
opened for inspection. For overnight shipments, weight

A-66



restrictions should be determined. Federal Express, for instance,
* is 70 lbs or less.

7. SAMPLE PREPARATION AND ANALYSES

Sample analyses of interest in site characterization activities canI include various combinations of the following parameters and matrices.

3Parameters Matrices

Inorgani cs Air

Organics Water
Radionucl ides Soil
Expl osives Sediment

Biologicals

3The EPA has approved analytical procedures for preparation of some
inorganics, organics, and radionuclides in water, soil, and sediment. These3 are summarized in Tables 15 through 19. There are no EPA-approved
analytical procedures for air and biological matrices (except for air
monitoring methods for primary and hazardous air pollutants). Each SSMPU Sampling Plan will specifically enumerate the analytical procedures to be
used for samples from that site. These will be EPA-approved procedures when1 available and alternative procedures when not. The procedures to be used at
the site will be reviewed by EPA as part of the SSMP.

* 8. SAMPLE ARCHIVING AND DISPOSAL

3 The need to archive samples will be made on a site-specific basis.
Appropriate procedures will be specified in the SSMP. Following analysis of
CERCLA Site Characterization samples, nonhazardous materials will be disposed of wi-,I laboratory waste. Hazardous and radioactive materials, as determined
through analysis, will be appropriately contained or disposed of.
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TABLE 15. INORGANICS

ILiquids' Solids2

Parameter Sample Prep Analysis Sample Prep Analysis

Arsenic 1)a303O/3040  1)7060 1)3050 1)7060
1) 061 1)7061 1)7061 1)7061I2) 303E 2)303E
2)304 2)304
3 )c 2 0 6 . 5  3)206.5
3)206.3 3)206.3
3)206.2 3)206.2
3) 206. 4 3)g06.4

4)u2972.848

5)e3062.84

Barium 1)3010 1)7080 1)3050 1)7080
1)3030/3040 1)3030/3040
1)3020 1)7081 1)3050 1)7081
1)303/3040 1)3030/3040
2)303C 2)303CI2)304 2)304
3)208.1 3)208.1
3)208.2 3)208.2

4)3654-84(A)

Beryllium 1)3010/3020 1)7090 1)3050 1)7090
1)7091 1)7091I2)303C 2)303C

2)304 2)304
3)210.1 3)210.1I3)210.2 3)210.1

4)3654-84(A)

ECadmium 1)3010 1)7130 1)3050 1)7130
1)3030/3040 1)303/3040
1)3020 1)7131 1)3050 1)7131
1)3030/3040 1)3030/3040I2)303A/303B 2)303A/303B
2)304 2)304
2)310B 2)310B
3)213.1 3)213.1
3)213.2 3)213.2

4)D3557-84
(A or B)I 5)1-3135-84

5)1-3136-84
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TABLE 15. INORGANICS (Continued)

ILiquids' Solids2

Parameter Sample Prep Analysis Sample Prep Analysis

IChromium 1)3010 1)7190 3050 1)7190/7191
1)3030/3040 1)3030/3040
1)3020 1)7191 1)3050 1)7191
1)3030/3040 1)3030/3040
2)303A 2)303A
2)303B 2)303BI2)304 2)304
2)312B 2)312B
3)218.1 2)218.1
3)218.3 3)218.3
3)218.2 3)218.2

4)1687-84D
4)1687-84A

5)1-3236-84

IChromium VI 1)7195 1)7195 1)7195 1)7195
(Hexaval ent) (7190/7191) (7190/7191)

1)7196 1)7196 1)7196 1)7196
1)7197 1)7197 1)7197 1)7197
2)303B 2)303B
3)218.4 3)218.4

5)1-1230-84

ILead 1)3010 1)7420 1)3050 1)7420
1)3030/3040 1)3030/3040
1)3020 1)7421 1)3050 1)7421
1)3030/3040 1)3030/3040
2)303 Aor B 2)303 AorB
2)304 2)304
2)316 2)316I3)239.1 3)239.1
3)239.2 3)239.2

4)D3559-85
(A or B)

4)D3559-85C
5)1-3399-84
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TABLE 15. INORGANICS (Continued)

ILiguids' Solids2

Parameter Sample Prep Analysis Sample Prep Analysis

Mercury 1)7470 1)7470 1)7471 1)7471
2)303F 2)303F
3)245.1 3)245.1
3)245.2 3)245.2

UMolybdenum 2)303C 2)303C
2)304 2)304
3)246.1 3)246.1
3)246.2 3)246.2

5)1-3490-84

Nickel 1)3010 1)7520 1)3050 1)7520
1)3030/3040 1)3030/3040I1)3020 1)7521 1)3050 1)7521
1)3030/3040 1)3030/3040
2)303 Aor B 2)303 Aor BI2)304 2)304
2)321B 2)321B
3)249.1 3)249.1
3)249.2 3)249.2

4)D1886-84
(C or D)

* 5)1-3499-84

Selenium 1)7740 1)7740 1)7750 1)7740
1) 3030/3040I1)7741 1)7741 1)7741 1)7741

2)304 2)304
2)303E 2)303E
3)270.2 3)270.2I3)270.3 3)270.3

4) 03859-84A
* 5)1-3667-84

Silver 1)7760 1)7760 1)3050 1)7760
1)3030/3040

1)7761 1)7761 1)3050 1)7761
1)3030/3040

2)33 Aor B 2)33 Aor B
2)304 2)304
3)272.1 3)272.1I3)272.2 3)272.2

ITitanium 2)303C 2)303C
2)304 2)304
3)283.1 3)283.1

3)283.2 3)283.2
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TABLE 15. INORGANICS (Continued)

I Li cuids' Solids2

Parameter Sample Prep Analysis Sample Prep Analysis

Zinc 1)3010 1)7950 1)3050 1)7950
1)3030/3040 1)3030/3040
1)3020 1)7951 1)3050 1)7951
1)3030/3040 1)3030/3040
2)303 Aor B 2)303 Aor B
2)304 2)304I2)328C 2)328C
3)289.1 3)289.1
3)289.2 3)289.2I 4) 01691-84

(C orD)1 5)1-3900-84

Table Identification Notes

31. Liquid matrix includes groundwater, surface water, waste water,
and liquid waste.

2. Solid matrix includes soil, sediment, sludge, and solid waste.

a. Test Methods for Evaluating Solid Waste (EPA SW-846).

Nb. Standard Methods for the Examination of Water and Wastewater (16th Edition,
publisher, place 1985).

Ic. Methods for Chemical Analysis of Water and Wastes (EPA 600/4-79-020).

d. Annual Book of Standards, Section II Water (American Society for Testing3 and Materi als) .

e. Methods for Determination of Inorganic Substances in Water and Fluvial
Sediments (U.S. Department of Interior, U.S. Geological Survey - Open File
Report 84-495 1986).

*Note: References b, c, d, and e are from the Federal Register, Vol. 51, No.
125, Part IV, Environmental Protection Agency - "Guidelines Establishing Test
Procedures for the Analysis of Pollutants Under the Clean Water Act"; Technical
Amendments and Notice of Availability of Information - 40 CFR Part 136.
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TABLE 16. ORGANICS

ULiquids - So]lids2

Parameters Sample Prep Analysis Sample Prep Analysis

Organochl on neIP e s t i c i d e s1 a 3 1 / 5 01 8 81 3 4 / 5 0Chlordane 1 35 /3 2  1)00134 350 1)8080
1)3510/3530/ 1)8250

2)b5O9A 2)509A350 50

Oildrin 1)3510/3520 1)8080 1)3540/3550 1)8080
1)3510/3530/ 1)8250

2)509A 2)509A350 50

3)608/625

I Endrin 1)3510/3520 1)8080 1)3540/3550 1)8080
1)3510/3530/ 1)8250
3 540/3 550I2)509A 2)509A

3) 608/625
4)D03086

I 4,4-DOT 1)3510/3520 1)8080 1)3540/3550 1)8080
1)3510/3530/ 1)8250
3 540/3 550

2)509A 2)509A
3)608/625
4)D03086

I Heptachlor 1)3510/3520 1)8080 1)3540/3550 1)8080
1)3510/3530/ 1)8250

I2)509A 2)509A350 50
3)608/625
4)D03086

Lindane 2) 509A

Toxaphene 1)3510/3520 1)8080 1)3540/3550 1)8080
1)3510/3530/ 1)8250
3 540/3 550

2)509A 2)509AI 3)608/625
4)D03086

PCBs 1)3510/3520 1)8080 1)3540/3550 1)8080I1)3510/3530/ 1)8250
3 540/3 550

* 3) 608/625
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TABLE 16. ORGANICS (Continued)

I ~Liguids 1 ___ _ Sal ids2

Parameters Sample Prep Analysis Sample Prep Analysis

I Chlorinated Herbicides
I 2,4-D 1)8150 1)8150 1)8150 1)8150

2)509B 2)509B

2,4,5-T 1)8150 1)8150 1)8150 1)8150I2)509B 2)509B

I Non-Pesticide Organic
Chemicals

Acryl oni tril1e 1)5020/5030 1)8030 1)5020/5030 1)8030
* 3)603

Benzene 1)5020/5030 1)8020 1)5020/5030 1)8020
1)5030 1)8240 1)5020/5030 1)8240I 3)602/624

I Bromomethane 1)5030 1)8010 1)5020/5030 1)8010
(methyl bromide) 3)601/624

Carbon tetrachloride 1)5030 1)8010 1)5020/5030 1)8010
1)5030 1)8240 1)5020/5030 1)8240I 3)601/624

- Chlorobenzene 1)5030 1)8010 1)5020/5030 1)8010
1)5020/5030 1)8020 1)5020/5030 1)8020
1)5030 1)8240 1)5020/5030 1)8240

3)601/602/624

I Chloroform 1)5030 1)8010 1)5020/5030 1)8010
1)5030 1)8240 1)5020/5030 1)8240

*3) 60 1/624

5 1,2-dichlorobenzene 1)5030 1)8010 1)5020/5030 1)8010
1)5020/5030 1)8020 1)5020/5030 1)8020
1)5030 1)8240 1)5020/5030 1)8240I1)3530 1)8250 1)3510/3530/ 1)8250

3 540/3 550
* 3) 60 1/60 2/612

I 1,3-dichlorobenzene 1)5030 1)8010 1)5020/5030 1)8010
1)5020/5030 1)8020 1)5020/5030 1)8020
1)5030 1)8240 1)5020/5030 1)8240
1)3530 1)8250 1)3510/3530/ 1)8250

3 540/3 550
* 3) 60 1/60 2/612
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TABLE 16. ORGANICS (Continued)

H Liquids' Sal ids2

Parameters Sample Prep Analysis Sample Prep Analysis

1-4-dichlorobenzene 1)5030 1)8010 1)5020/5030 1)8010
1)5020/5030 1)8020 1)5020/5030 1)8020
1)5030 1)8240 1)5020/5030 1)8240
1)3530 1)8250 1)3510/3530/ 1)8250

3 540/3 550
3)601/602/612

Dichlorodifluoromethane 1)5030 1)8010 1)5020/5030 1)8010
1)5030 1)8240 1)5020/5030 1)8240I 3)601

Hexachlorobenzene 1)3510/3520 1)8120 1)1)3540/3550 1)8120
1)3530 1)8250 1)3510/3530/ 1)8250

3 540/35 50
3) 612-625

I Hexachlorobutadine 1)3530 1)8250 1)3510/3530/ 1)8250
3 540/3 550

U 3) 612/625

I Methylene chloride 1)5030 1)8240 1)5020/5030 1)8240
3) 60 1/624

I Methylethylketone 1)5030 1)8015 1)5020/5030 1)8015

* Naphthalene 1)3510/3520 1)8100 1)3540/3500 1)8100
*1)3530 1)8250 1)3510/3530/ 1)8250

3 540/3 550
1)8310 1)8310 1)8310 1)8310

* 3) 610/625

Nitrobenzene 1)3510/3520 1)8090 1)3540/3550 1)8090
1)3530 1)8250 1)3510/3530/ 1)8250I 3)609/625

I Perchloroethylene 1)5030 1)8010 1)5020/5030 1)8010

Toluene 1)5030 1)8020 1)5020/5030 1)8020
1)5030 1)8240 1)5020/5030 1)8240

3) 602/624
- Phenol 1)3510/3520 1)8040 1)3540/3550 1)8040

*1)3530 1)8250 1)3510/3530/ 1)8250
3 540/35 501 3) 604/625
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TABLE 16. ORGANICS (Continued)

I Liquids1  Sal ids2

Parameters Sample Prep Analysis Sample Prep Analysis

1,2,4-trichlorobenzene 1)3510/3520 1)8120 1)3540/3550 1)8120
1)3530 1)8250 1)3510/3530/ 1)8250

3) 612/625 3540/3 550

* 1,1,1-trichloroethane 1)5030 1)8010 1)5020/5030 1)8010
*1)5030 1)8240 1)5020/5030 1)8240

3) 60 1/624

3 1,1,2-trichloroethane 1)5030 1)8010 1)5020/5030 1)8010
1)5030 1)8240 1)5020/5030 1)8240

3)601/624

I Trichioroethylene 1)5030 1)8010 1)5020/5030 1)8010
3)601/624

I Trichlorofluoromethane 1)5030 1)8010 1)5020/5030 1)8010
1)5030 1)8240 1)5020/5030 1)8240

3) 60 1/624

U 2,4,6-trichlorophenol 1)3510/3520 1)8040 1)3540/3550
3)604/625

I Vinyl chloride 1)5030 1)8010 1)5020/5030 1)8010
1)5030 1)8240 1)5020/5030 1)82401 3)601/624

Xylenes 1)5030 1)8020 1)5020/5030 1)8020

I ..Liquid matrix includes groundwater, surface water, waste water, and liquid waste.

I2. Solid matrix includes soil, sediment, sludge, and solid waste.

a. Test Methods for Evaluating Solid Waste: Physical/Chemical Methods (EPA SW-846,I Revised edition 1984).

b. Standard Methods for the Examination of Water and Wastewater (16th Edition,
American Public Health Association, Washington, D.C., 1985).

Bc. "EPA Approved Test Procedures for Pesticides and Non-Pesticides Organic
Compounds," Federal Register 49. No. 209/Guidelines Establishing Test Procedures
for the Analysis of Pollutants Under the Clean Water Act; 40 CFR Part 136 (OctoberI1984).

d. Annual Book of Standards, Part 31 Water, American Society for Testing andI Materials, 1980.
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TABLE 17. MISCELLANEOUS ANALYSIS

U Liguids' Sol ids2

Parameter Sample Prep Analysis Sample Prep Analysis

Boron 2)b404A 2)404A
3)C212.3

4)dD1246-82C

I Cyanide I)a9010  1)9010 1)9010 9)9010
(total) 2)412B 2)412B

2)412C 2)412C
2)412D 2)4120I3)335.2 3)335.2
3)335.2 3)335.3

4)02036-82A1 5) 1-3300-84

Cyanide 1)9010 1)9010 1)9010 1)9010I (amendable) 2)412F 2)412F
3)335.1 3)335.1

4) 02036-82B

U Fluoride 2)413A 2)413A
2)413B 2)413B
2)413C 2)413C

2)413EI 3)340.2
3)340.1
3)340.3I 4) 01179-80 (A)
4)01179-80(B)
5)1-4327-84

U Iodide 3)345.1 3)345.1
2)414 2)414
2)414A 2)414A

2)414B 2)414B

I Nitrate 3)352.1 3)352.1
(as N) 4)0992-71

S Nitrate 2)418C 2)418C
(as N) 2)418F

3) 353 .3
3)353.2
3)353.1
4)03867-85(B)
4)03867-85 (A)3 5)1-4545-84
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TABLE 17. MISCELLANEOUS ANALYSIS (Continued)

Liquids' Solids2

Parameter Sample Prep Analysis Sample Prep Analysis

Oil and Grease 2)503A
3)413.1

K Total Organic Carbon 2)505

(TOC) 3)415.11 4)02579-85 (A or B)

Total Organic Halides 1)9020 1)9020I (TOX)
Total Disolved 2)209BI Sol ids 3)160.1
(TOS)

Trace Elements 1)3020 1)3020 1)3020 1)3020

Table Identification Notes

1. .Liquid matrix includes groundwater, surface water, waste water, and liquid waste.

I 2. Solid matrix includes soil, sediment, sludge, and solid waste.

a. Test Methods for Evaluating Solid Waste (EPA SW-846).

Ib. Standard Methods for the Examination of Water and Wastewater (16th Edition,

publisher, place 1985).

N c. Methods for Chemical Analysis of Water and Wastes (EPA 600/4-79-020).

d. Annual Book of Standards, Section II Water (American Society for Testing andI Materials).

e. Methods for Determination of Inorganic Substances in Water and Fluvial SedimentsI (U.S. Department of Interior, U.S. Geological Survey - Open File Report 84-495
1986).

1*Note: References b, c, d, and e are from the Federal Register, Vol. 51, No. 125,
Part IV, Environmental Protection Agency - "Guidelines Establishing Test Procedures
for the Analysis of Pollutants Under the Clean Water Act", Technical Amendments and
Notice of Availability of Information - 40 CFR Part 136.
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TABLE 18. RCRA CHAPPTERISTIC NALYSES

ILiouids 1  Solids2

Paraneter Sawl e Prep Analysis Sarpl e Prep Analysis

Ignitabil ity 1010
1010

Sec. 2.1.1

Corrosi vi ty 1)9040 1110
1)9041 Sec. 2.1.2

Reactivity As defined
in Sec. 2.1.3

EP Toxicity 1310 1310 1310 1310

(Extraction Procedure) See 2.1.4

Arsenic 7060, 7061 7060, 7061

5Bariixn 7080, 7081 7080, 7081

Cackini 7130, 7131 7130, 7131

VTotal Chromiun 7190, 7191 7190, 7191

Hexavalent Chruniuii 7195, 7196 7195, 719617197 7197

Lead 7420, 7421 7420, 7421

ISeleniurn 7740, 7741 7740, 7741

Silver 7760, 7761 7760, 7761

IEndrin (1,2,3,4,10, 10- 8080 8080
Hexachloro-1 7-epoxy-

endo-5,8_dirmthanonaph-
thal ene)

Lindane (1,2,3,4,5,6- 8080 88
Hexachl orocycl ohexane,I gama i sorrmr)

Mvethoxychlor (1,1,1- 8080 8080
trichloro-2,2-bisI (p-nrethoxyphenyl )ethane)
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TABLE 18. RCPA CRARACTERISTIC ANALYSES (Continued)

Liquids1  Solids2

Pararreter Sapl e Prep Analysis Sanpie Prep Anal-ysis

Toxaphene (ClOHIOCiB, 8150 8150
Tcnical chlorinated

Tcmhe, 67-694 ,chlorine)

2,4-D (2,4-Dichioropheno- 8150 8150I xyacetic acid)

2,4,4-TP (Silvex) (2,4,5- 8150 8150
Trich] orophenoxypropi oni c

acid)

1Liquid matrix includes groundwater, surface water, waste water, and liquid waste.

I 2Solid matrix includes soil, sediments, sludge, arnd solid waste.
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5 TABLE 19. RADIONUCLIDE METHODS

Liquids1  Solids2  Biota3

Sample Sample Sample

Parameter Prep Analysis Prep Analysis Prep Analysis

Gross Alpha 4)a703  4)703 4)703 4)703 4)703 4)703

* 5)Appendix B

Gross Beta 4)703 4)703 4)703 4)703 4)703 4)703
5)900.0 5)900.005 5)Appendix B

Table Identification Notes

1. .Liquid matrix includes groundwater, surface water, waste water, and liquid waste.

R 2. Solid matrix inlcudes soil, sediment, sludge, and solid waste.

3. Biota matrix includes foodstuffs, vegetation, and fauna.

a.Standard Methods for the Examination of Water and Wastewater (EPA SW-846, revisedI a. edition, U.S. Environmental Protection Agency, 1984).

Lb. Prescribed Procedures for Measurement of Radioactivity in Drinking Water (EPA-600/4-

60-32, update, U.S. Environmental Protection Agency, August 1980).

AI8



9. REFERENCES

DOE 1986: Environmental Survey Manual, U.S. Department of Energy, Office of

Environmental Audit and Compliance draft report (May 1986).

Everett 1980: L. J. Everett, Groundwater Monitoring, Guidelines and

Methodology for Developing and Implementing a Groundwater Quality
Monitoring Program General Electric Company, Technical Marketing
Operation, Schenectady, N.Y. 1980).

EPA 1985: Practical Guide for Groundwater Sampling, U.S. Environmental
Protection Agency report EPA-600/2-85-104 (1985).

EPA 1982: Test Methods for Evaluating Solid Waste, second edition, U.S.

Environmental Protection Agency report SW-846 (1982).

EPA 1981: Sampling Protocols for Collecting Surface Water, Bed Sediment,
Bivalves, and Fish for Priority Pollutant Analysis, U.S. Environmental
Protection Agency internal document, draft final report, (April 17, 1981).

Freeze and Cherry 1979: R.A. Freeze and J.A. Cherry, Groundwater (Prentice
Hall, Inc., Englewood Cliffs, N.J., 1979).

4Johnson 1986: Groundwater and Wells, second edition (Johnston Division

UOP, St. Paul, Minn., 1986).

Kruseman and DeRidder 1976: G.P. Kruseman and N.A. DeRidder, Analysis and

Evaluation of Pumping Test Data (International Institute for Land
Reclamation and Improvement, Wageningen, Netherlands, 1976).

Powals et at. 1978: R.J. Powals, L.J. Zaner, and K.F. Sporek, Handbook of
Stack Sampling and Analysis (Technomic Publishing Co., Ins., Westport,

Conn., 1978).

A-81



Sanders et at. 1983: T.G. Sanders, R.C. Ward, J.C. Loftis, T.D. Steele,

D.rJ. Adrian, and V. Yevjevich, Design of Networks for Monitoring Water

Quality, (Water Resource Publications, Littleton Colo., 1983) .

Sisk 1981: S.W. Sisk, NEIC Manual for Groundwater/Subsurface Investigation

at Hazardous Waste Sites, U.S. Environmental Protection Agency report EPA-

300/9-81-002 (1981).

Van der Leeden 1983: F. Van der Leeden, Groundwater Bibliography, Third

edition (Water Information Center, Inc., Syosset, N.Y., 1983).

I Walton 1970: W.C. Walton, Groundwater Resource Evaluation (McGraw-Hill, New

York, N.Y., 1970).

Wilson 1983: L.G. Wilson, "Monitoring in the Vadose Zone, Part III,"

V Ground Water Monitoring Review 3, Number 1 (1983).

Wilson 1982: L.G. Wilson, "Monitoring in the Vadose Zone, Part II," Ground

£ Water Monitoring Review 2, Number 1 (1982).

Wilson 1981: L.G. Wilson, "Monitoring in the Vadose Zone, Part I" Storage

Changes," Ground Water Monitoring Review I, Number 3 (1981).

3 Wilson 1980: L.G. Wilson, Monitoring in the Vadose Zone: A Review of
Technical Elements and Methods, U.S. Environmental Agency report EPA-

1 600/7-80-134 (1980).

A -82



APEDII

GEEIIELHAN AEYPA

THSGNRCHATIN AEYPA A DPE RMDE

PHSI GENERIC HALTHRN PAND SOKGDAFT L186

ILEQEQEOEAIN FIE



£ GENERIC HEALTH AND SAFETY PLAN

1.0 INTRODUCTION

The following Health and Safety Plan discusses the generic guidelines and
procedures that will be employed during the CERCLA site characterizationI activities to protect the health and safety of personnel involved in the
CERCLA field investigations. This plan establishes the generic safetyI policy, sets general safety standards, identifies personnel training
requirements for CERCLA field investigations, and provides the framework for
the more site specific safety requirements to be employed during theI Remedial Investigation/Feasibility Study (RI/FS ). The site specific RI/FS
Health and Safety Plan will include as a minimum the following additional5 elements:

o identification of physical, chemical, radiological and biologicalI hazards including a listing of known and possible contaminants;

3o a preliminary evaluation of risk to personnel from physical,
chemical, and biological hazards at the site;

£o the methodology for continued assessment of the hazards during site
characterization activities;

o identification of the personal protective equipment levels for
personnel to be used at the site for various activities and in

various areas;

5o a complete description of ambient and personal monitoring
requirements for the site;

Io identification of other hazard control measures, as appropriate;

o identification of a Site Safety and Health Coordinator (SSHC) for the
site investigations;

1o establishment of the acquirements for other health and safety support
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5 personnel (safety engineer, industrial hygienist, and health
physicist) needed for field investigation activities; and

Io a specific emergency response plan including individuals and
department responsibilities, emergency telephone numbers, emergency

decontamination procedures, and location of emergency treatment

facil ities.

2.0 POLICY AND STANDARDS

The Department of Energy has the responsibility for the health, safety, and

environmental protection programs at DOE-owned, contractor-operatedI facilities. It is the policy of DOE to assure that DOE operations are
conducted in a manner that will (1) limit the risks to the health and safety5 of the public and employees, and (2) adequately protect property and the

environment (DOE Order 5481.1A). This policy is implemented through the
development of contractor health and safety programs and the systematic

review of operations and facilities.

£ The environmental protection, safety and health protection requirements
applicable to all DOE operations are set forth in DOE orders. In addition,

the DOE and its contractors must also comply with other applicable federal,

state, and local standards. This plan is based on the following DOE orders
and federal regulations:

o DOE Order 3790.1A, "Federal Employee Occupational Safety and HealthI Program for Federal Employees."

o DOE Order 5000.3, "Unusual Occurrence Reporting System."

o DOE Order 5480.1B, "Environmental Protection, Safety, and Health£ Protection Standards."

o DOE Order 5480.1B, Chapter XII, "Prevention, Control, and Abatement3 of Environmental Pollution" (including Executive Order 12088 of
October 13, 1978)

1o DOE Order 5480.2, "Hazardous and Radioactive Mixed Waste Management.'
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o DOE Order 5480.3, Safety Requirements for the Packaging and
Transportation of Hazardous Materials, Hazardous Substances, and

Hazardous Wastes".

Io DOE Order 5480.4, Environmental Protection Safety and Health

Protection Standards".

1o DOE Order 5480.10, "Contractor Industrial Hygiene Program".

3o DOE Order 5481.1A, "Safety Analysis and Review System".

o DOE Order 5482.1A, "Environmental, Safety, and Health ProtectionI Apprai sal Program".

5o DOE Order 5483.1A, "Occupational Safety and Health Program for
Government-Owned Contractor-Operated Facilities".

1o DOE Order 5484.1, "Environmental Protection, Safety, and Health
Protection Information Reporting Requirements."

o DOE Order 5500.2, "Emergency Planning Preparedness, and Response for3 Operation".

o DOE Order 5500.3, "Reactor and Nonreactor Nuclear Facility Emergency

I Planning, Preparedness, and Response Program for DOE Operations.

o DOE Order 5500.4, "Public Affairs Policy and Planning RequirementsI for Emergencies.

5o 40 CFR 300, "National Oil and Hazardous Substances Pollution
Contingency Plans"

£o 49 CFR 172-174, "DOT Transportation of Hazardous Materials.

5The DOE has also adopted, as a matter of policy, the health and safety
standards of the American Conference of Government Industrial Hygienists

(ACGIH), the American National Standards Institute (ANSI), and the

Occupational Safety and Health Administration (OSHA). All personnel involved
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3 in the CERCLA field investigations will comply with the prescribed standards

and keep occupational and public exposures to hazardous materials as low as

I reasonably achievable.

5 3.0 HEALTH AND SAFETY RESPONSIBILITIES

This section will need to include a discussion of the responsibleI organizations involved in the CERCLA field investigations projects. Included
in this section (once the contractor is identified) should be theI identification of the responsible Project Office or installation project
leader and the assignment of a Site Safety and Health Coordinator (SSHC) for
each CERCLA site. The following outlines some of the responsibilities that

te SSHC will have:

o Monitoring hazards to determine the degree of hazard present;

o Implementing the personnel protection requirements specified in theI site specific RI/FS Health and Safety Plan, including ensuring that
appropriate clothing and equipment are available, maintained, andI used;

o Monitoring the performance of all personnel to ensure that theI required safety and decontamination procedures are followed;

3o Notifying emergency authorities as appropriate;

o Ensuring that all CERCLA personnel have been trained for anyI nonroutine (e.g. emergency) site activities; and

3o Ensuring that all subcontractor personnel (if any) have been trained
in proper site safety procedures, including the use of personal3 protective equipment.
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4.0 RISK ASSESSMENT AND PERSONNEL PROTECTION REQUIREMENTS

1 4.1 IDENTIFICATION OF HAZARDS AND EVALUATION OF RISK

This section provides guidance for (1) identification of physical, chemical,

radiological and biological hazards, and (2) evaluation of the health and
safety risks. Personnel protection requirements, general policies, and

mitigation measures will be determined and implemented based on the
preliminary risk assessment. Continual feedback on hazards and risks will be3 provided throughout the entire field investigation process and used to
update the personnel protection requirements as necessary.

I The hazard assessment will be based on all available information, including
disposal logs and records, engineering drawings, site reconnaissance,5 current monitoring data, employee interviews, and any other available

information for the site. Hazards to be identified and evaluated are3 described in the following sections.

£ 4.1.1 Physical Hazards

Physical hazards at the sites will be evaluated and appropriate precautions3 taken prior to site entry. Some of the potential physical hazards that may
be encountered include: (1) flammable/explosive materials or fire; (2)

noise; (3) heat; (4) cold; (5) mechanical equipment; (6) projectiles createdI by operational activities; (7) electrical lines; (8) unsafe structure; (9)

tanks; (10) pits, trenches or steep banks/cliffs; and/or (11) surface3 impoundments. Physical hazards will be identified and controlled to the

extent possible prior to commencement of the field investigation.

1 4.1.2 Chemical Hazards

3 Chemical hazards at the sites will be identified and evaluated prior to site

entry so that appropriate protective equipment can be used to minimize
exposures. Some of the potential chemical hazards that may be encountered atI the sites include: inhalation, ingestion, or skin absorption of toxic
materials; contact with corrosive materials; and/or unsafe environments3 created by reactive materials.

I B-5



5 4.1.3 Radiological Hazards

Radiological hazards at the sites will be identified and evaluated prior to
I site entry so that appropriate precautions may be taken to minimize

exposures.

4.1.4 Biological Hazards

I Biological hazards at the sites will be identified and evaluated prior to
site entry so that appropriate precautions may be taken to minimize contact.3 Some of the potential biological hazards that may be encountered at the
sites include: snakes; spiders; scorpions; and worker exhaustion (i.e.3 fatigue and heat stress).

5 4.2 PERSONNEL PROTECTION REQUIREMENTS

3 4.2.1 Protection Levels and Protective Clothing

The U.S. Environmental Protection Agency (EPA) has established four levels
of protection for personnel entering potentially hazardous sites. Table 1

contains a description of sample protective ensembles including identifying
the level of protection, equipment, protection provided, when this level of

equipment should be used and the limiting criteria.

5 In addition to the requirements summarized in Table 1, the following
requirements should also be considered:

Io Radioactive Anti-Contamination Clothing -- Special clothing to
prevent radioactive contamination in radiation areas is available at

all Hanford installations. The type of clothing to be worn depends on

the nature and degree of contamination in the area and the work to be

performed. Clothing varies from smocks and coveralls to fully-

encapsulating suits. Clothing requirements are specified on a site-
specific basis.
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Table 1. Sample Protective Ensemblesa

LVEL OF

PROTECTION EQUIPMENT PROTECTION PROVIDED SHOULD BE USED WHEN: LIMITING CRITERIA

A RECOMMENDED: The highest available level *The chemical substance has *Fully-encapsulating

" Pressure-demand. full-facepiece of respiratory, skin, and been identified and requires the suit material must
SCBA or pressure-demand sup- eye protection. highest level of protection for be compatible with
plied-air respirator with escape skin, eyes, and the respiratory the substancesISC BA. system based on either: involved.

" Fully-encapsulating, chemical- -measured for potential for)
resistant suit, high concentration of atmos-

* Inner chemical -resistant gloves. pheric vapors, gases, or

- Chemical-resistant safety boots/ particulates o
shoes. o

" Two-way radio communications. -site operations and work
functions involving a high

OPTIONAL: potential for splash, immer-
" Cooling unit. sion, or exposure to unex-

* Coveralls, pected vapors, gases, or
* Log coton nderear.particulates of materials that
" Log coton nderear.are harmful to skin or capable
* Har hat.of being absorbed through

" Disposable gloves and boot the intact skin.
covers. *Substances with a high degree

of hazard to the skin are known
or suspected to be present, and
skin contact is possible-

-Operations must be conducted
in confined, poorly ventilatedU areas until the absence of con-
ditions requiring Level A
protection is determined.

5B RECOMMENDED: The same level of respir- * The type and atmospheric con- * Use only when the
*Pressure-demand, full-facepiece atory protection but less centration of substances have vapor or gases

SCBLA or pressure-demand sup- skin protection than been identified and require a present are not

plied-air respirator with escape Level A. high level of respiratory pro- suspected of con-

SCBA. It is the minimum level tection, but less skin protection. taining high con-

*Chemical -resistant clothing recommended for initial This involves atmospheres: centrations of

(overalls and long-sleeved site entries until the -with IDLH concentrations of chemicals that are

jacket; hooded, one- or two- hazards have been further specific substances that do harmful to skin or

piece chemical splash suit; identified. not represent a severe skin capable of beingIdisposable chemical -resistant hazard; absorbed through
one-piece suit). or the intact skin.

*Inner and outer chemi- -that do not meet the criteria e Use only when iti

cal-resistant gloves, for use of air-purifying highly unlikely thatI*Chemical-resistant safety respirators. the work being
boots/shoes. * Atmosphere contains less than either high concen-

*Hard hat. 19.5 percent oxygen. trations of vapors.

*Two-way radio communications. e Presence of incompletely identi- gases, or particu-
fied vapors or gases is indicated lates or splashes

OPTINAL:by direct-reading organic vapor of material that

" Disposable boot covers, and gases are not suspected of skin.

"Face shield. containing high levels of

* Log coton nderear.chemicals harmful to skin or
* Log coton nderearcapable of being absorbed

3 *Based on EPA protective ensembles. 
through the intact skin.
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3 Table 1. Sample Protective Ensemblesa (Continued)

PLOECTON QIMN PROTECTION PROVIDED SHOULD BE USED WHEN: LIMITING CRITERIA

C RECOMMENDED: The same level of skin 0 The atmospheric contaminants, *Atmospheric

* FuII-facepiece. air-purifying, protection as Level B, but liquid splashes, or other direct concentration ofIcanister-equipped respirator. a lower level of contact will not adversely affect chemicals must

0 Chemical -resistant clothing respiratory protection. any exposed skin.noexedIL

(overalls and long-sleeved e The types of air contaminants lels

jacket; hooded, one- or two- have been identified, concentra. The atmosphereIpiece chemical splash suit; tions measured, and a canister is must contain et

disposable chemical -resistant available that can remove the least 19.5 percent

one-piece suit). contaminant, oxygen.

* inner and outer chemi- *All criteria for the use of air-

cal-resistant gloves, purifying respirators are met.

* Chemical -resistant safety boots/
shoes.

9 Hard hat.
* Two-way radio communications.

OPTIONAL:
*Coveralls.
*Disposable boot covers.

*Face shield.
*Escape mask.

e Long cotton underwear.

D RECOMMENDED: No respiratory protection. *The atmosphere contains no * This level should

*Coveralls. Minimal skin protection. known hazard. not be worn in the

*Safety boots/shoes. *Work functions preclude Exclusion Zone.

*Safety glasses or chemical splashes, immersion, or the * The atmosphere

splash goggles. potential for unexpected must contain at
inhalation of or contact with least 19.5 percent

Hrha.hazardous levels of any oxygen.

OPTIONAL: chemicals.I * Gloves.
* Escape mask.
- Face shield.
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Uo Hard Hats -- Hard hats may be required for some work operations and
may be worn with any level of protective clothing.

*o Safety Shoes -- Steeled-toed safety shoes/boots may be required for
many field activities. They may be worn with any level of protective3 clothing.

o Hearing Protection -- Ear muffs or ear plugs may be required when

operating in areas with high noise levels. Care should be taken to
ensure that hearing protection devices do not interfere with the3 ability to hear and respond to emergency warning signals.

The site specific RI/FS will define zones of contamination and identify
which levels of protection will be required for each zone. All personnel
entering a zone will be required to wear the attire designated for that5 zone. In all cases in which a self-contained breathing apparatus is
required, at least three persons will be suited out for entry (two for entry5 and one back-up/rescue).

4.2.2 Protective Equipment

A variety of safety equipment may be used to protect personnel from safety
hazards and minimize exposures to hazardous chemical and radionuclides

during the CERCLA field investigations. In areas with potentially hazardous
environments, ambient, personal, and portable monitors, meters, and alarms3 will be used to monitor exposures and measure air concentrations of
contaminants, explosive materials, and oxygen as appropriate. Instruments
will be selected for maximum reliability, sensitivity, selectivity, and

safety in the field. Although specific safety monitoring equipment needs
will be identified in the site specific RI/FS Health and Safety Plan, the

* following is a generic listing of some of the safety equipment which might
be used:

*o Portable Oxygen indicator-- A portable oxygen indicator is used to
measure the ambient oxygen concentrations in confined spaces or areas3 with high concentrations of combustible gases. The most useful
indicators are those that measure from 0 to 25 percent oxygen. Oxygen3 indicators should be corrected for the elevation of the site.
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3o Combustible gas indicator-- A combustible gas indicator (CGI) is used

to measure the concentrations of flammable vapors and gases. The

indicator usually shows the concentrations in terms of the percent of

the lower explosives limit (LEL) of the calibration gas. The LEL
represents the lowest concentration (by volume) in air that can3 explode, ignite, or burn when there is an ignition source. The oxygen
concentration may effect the the accuracy of the CGI. A meter may be3 combined with an oxygen indicator.

o Photoionization and flame ionization detection meters--3 Photoionization and flame ionization (organic vapor analyzer (OVA))
detection meters can be used to indicate the approximate air
concentration of many organic vapors. The response of the instrumentsI depends on what gases have been used in calibration. In general, the
instruments are more sensitive to complex organic compounds than to3 simple ones.

o Direct-reading colorimetric indicator tubes-- Colorimetric indicatorI tubes may be used to quickly measure the approximate concentration of
a vapor or gas. The tubes are made of glass and packed with an3 indicator (reactive) chemical. Different tubes are needed for
different gases. A specified amount of air is drawn through the tube5 to give an approximation of the concentration.

o High- and low-volume air samplers-- Various types of high and low5 volume air samplers are available to measure ambient and personal
breathing zones concentrations of particulates, vapors, and gases.
Particulates can be separated into size categories by using different

filter sizes or impactor type collectors.

5o Radiation survey meters-- A variety of radiation survey meters are
available for measuring alpha particles, beta particles, gamma rays,
and x-rays. Instruments include ion detection tubes, proportional

counters, Geiger-Mueller (GM) counters, and scintillation counters.

5o Thermoluminescent dosimeters (TLDs)-- TLDs are used to measure
absorbed ionizing radiation. They can be worn both for ambient3 monitoring and personnel dosimetry.
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3 Other safety equipment will be available and used as needed. Safety devices
such as saf ety harnesses/bel ts/l ines and saf ety 1ladders/cherryp ickers will1
be used as appropriate to provide safe access and protect workers from

falls. Cooling vests and warming equipment can be used as appropriate to
minimize stress from climatic conditions. Emergency equipment (fireU extinguishers, first aid kits, blankets, showers, and eye wash stations)
will also be available for immediate response and emergency treatment.
Emergency equipment will be clearly marked and the locations detailed on the

site specific RI/FS Health and Safety Plan maps.

3 Fire extinguishers are classified by the type of combustible material they
are designed for:

3 o Class A--Ordinary combustible materials (wood,paper,
textiles);

o Class B-- Flammable liquids (oils, grease, paints);

Io Class C-- Electrical Fires;

3o Class 0-- Metals capable of rapid oxidation (magnesium,
sodium, zinc, aluminum, uranium, zirconium).

I Many fire extinguishers are multipurpose types (A, B, C, and 0) so that they
can be used on mixed fires or fires of unknown composition.

4.2.3 General Safety Practices and Mitigation Measures

I Some hazards can be minimized through the implementation of specific
procedures, use of special equipment, training of personnel, or availability3 of emergency response equipment in the event of an accident. The following
general requirements must be observed during all CERCLA field5 investigations:

o Eating, drinking, smoking, chewing gum or tobacco, and putting on

make-up is prohibited in any area designated as contaminated. The
hands and face must be washed upon leaving a contaminated area and3 before eating, drinking, smoking, chewing gum or tobacco, or putting
on make-up.
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o Decontamination procedures should be planned before site entry,
practiced as close to the contaminated areas as possible, andI followed by personnel showering as soon as possible.

*o Facial hair that interferes with the mask-to-face seal on
respirators is not allowed on personnel entering respiratory
protection areas.

o Contact with contaminants should be minimized as far as can be3 reasonably achieved. Unnecessary personnel should not enter
contaminated areas, and personnel in contaminated areas should avoid

* unnecessary contact with contaminated surfaces.

In addition the following general policies will be incorporated into the3 specialized practices and mitigation measures identified and implemented in
the site specific RI/FS Health and Safety Plan.

1o Flammable Materials and Fire -- Afire and explosion prevention and
control program will be established at sites with flammable and3 reactive materials. Good housekeeping practices and proper storage of
flammable and combustible materials shall be required. In the event
of a fire, personnel shall evacuate the area and contact the fireI department immediately. Fire extinguishes will be available for
control of small fires by personnel with fire safety training.

o Explosivity -- Continuous, ground, waist, and head level combustible
gas (explosivity) readings shall be obtained in confined areas, orI where explosive gases and/or vapors are suspected. If readings
approach or exceed 10 percent of the lower explosive limit (LEL),3 extreme caution will be exercised in continuing the investigation. If
readings approach or exceed 25 percent of the LEL, all personnel will
be withdrawn from the site immediately. Before resuming any onsiteI activities, project personnel should consult with fire protection
experts and/or the local fire department and then develop explosion3 prevention procedures for safely conducting site work.

o Oxygen Deficiency -- Confined spaces will be monitored for oxygenI deficiency. Oxygen deficiency readings should be taken at ground,
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3 Radiation exposures will be monitored through the use of

thermoluminescent dosimeters (TLDs), other personal radiation

dosimeters, radiation survey meters, and air monitoring. Radiation

exposures will always be kept as low as reasonably achievable.

3 Administrative limits will be used to ensure that employees do not
receive occupational exposures that exceed the quarterly or annual

limits specified in DOE Order 5480.1B, Chapter XI (which will be

replaced by DOE Order 5480.11). If administrative limits or standards
are exceeded, employees exposed to the elevated levels of radiation3 shall be placed on work restriction until the end of the period of
concern. Employees under the age of eighteen shall neither be

employed in, nor allowed to enter, controlled areas where they may

receive radiation exposures above background levels.

3o Noise -- DOE Prescribed Standard AF 161-35 identified the Threshold

Limit Value (TLV) for personnel exposure to noise. Hearing protection

equipment and noise suppression devices will be mandatory for levels

above the TLV and encouraged for levels approaching the TLV. Hearing
protection shall not interfere with rapid, clear communication.3 Special equipment (i.e. sound powered muffs/radios) may be required.

o Physical Hazards -- Activities such as excavations, trenching, andI shoring, and use of signs, signals barricades, motor vehicles, and
mechanized equipment will be conducted in accordance with accepted3 requirements.

1 4.3 SITE ACCESS CONTROL

3 4.3.1 Restricted Access Zones

Control zones will be established at contaminated sites to protect employeesI and the general public from unnecessary exposure to toxic materials and/or

radiation, and to prevent the spread of contamination. The control3 (exclusion) zones will be designated based on the nature, magnitude, and

extent of contamination, and the potential for contaminant migration.
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* Different exclusion zones with different protective requirement may be
established for a single site. Decontamination may be required for
personnel, equipment, and vehicles moving from one zone to another.

Surrounding the exclusion zones is the contamination reduction zone in which3 a corridor will be established for final decontamination activities. The
size of the contamination reduction corridor will depend on the number

* stations required for decontamination activities.

Additional control zones may also be established for safety considerations3 other than contamination, including hard hat, eye protection, and ear
protection zones.

I In areas of high contamination or other unusual circumstances, exit from an
exclusion zone will normally only be allowed through an access control3 station manned by personnel specifically trained to conduct contamination
monitoring. All personnel and equipment leaving the restricted work site or

having been in contact with potentially contaminated materials will be

monitored and decontaminated if necessary.

3 Exclusion zones will be posted with the exclusion criteria, protection
requirements, contact person, and other relevant information in accordance
with applicable DOE orders and the site specific RI/FS Health and Safety

Plan.

3 4.3.2 Decontamination

Personnel, equipment and vehicles that have been in contaminated areas may
carry residual contamination. Although protective clothing, respirators, and
good work practices can help reduce contamination, decontamination may also3 be necessary to prevent personnel exposure and migration of contaminants.
Decontamination procedures will be developed as part of the site specific
RI/FS Health and Safety Plan and implemented prior to initial site entryI and used throughout site operations. Modifications to the decontamination
procedures will be adopted as appropriate.

The following general guidelines will be used for development of specific3 decontamination procedures:
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3o The level of decontamination required will depend on the nature and

magnitude of contamination, and the type of protective clothing worn.

*o Decontamination stations will be set up to reduce contamination as

personnel move toward the end of the contamination reduction3 corridor. The system will be set up to wash and rinse, at last once,
all protective equipment worn. A sequential doffing of protective

equipment will be conducted, starting with the most heavily

contaminated items at the first station and progressing to the least
contaminated items at the final stations. Stations will be far

* enough apart to minimize cross-contamination.

o All personnel entering an exclusion zone where personnelI decontamination is required must follow the specified decontamination

procedures. Personnel that are not required to wear the maximum level3 of protective gear may bypass the decontamination stations for gear
they are not wearing.

*o Emergency decontamination procedures will be established for

personnel who must evacuate or be evacuated the site under emergency3 conditions or because of injury. If decontamination activities may
aggravate or cause more serious health effects to an injured person

or if prompt life saving first aid and/or medical treatment is

required, decontamination procedures will be omitted and life-saving
care initiated without delay. The outer garments will be removed5 whenever practical (or if necessary because the victim has been
contaminated with a life-threatening material). However, if the outer

contaminated garments can not be safely removed, the individual

should be wrapped in plastic, rubber, or blankets to help prevent
contamination of medical personnel and/or the interior of the3 ambulance. Contaminated garments can then be removed at the medical
facility. Whenever possible, response personnel will accompany

contaminated victims to the medical facility to advise on matters

involving decontamination.

o Personnel assisting in decontamination activities will be attired in

clothing to protect them from contamination released during the
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decontamination procedure. Protection levels for decontaminationU workers will be defined in the site specific RI/FS Health and Safety
Plan.

o Periodically, swipes will be taken for chemical and radioactive

contamination and analyzed in the laboratory to assess the

effectiveness of decontamination or estimate permeation through
protective clothing and personnel exposure.

o A personnel contamination log will be maintained to record

* contamination levels and decontamination measures taken.

o All equipment and vehicles used in the exclusion zone will requireI the same level of decontamination. Reusable clothing and respirators
will be sanitized in addition to being decontaminated.

o Audits will be conducted to ensure compliance with decontamination

procedures.

4.4 Worker Training

A health and safety training program will be established to provide training

for all personnel involved in the CERCLA field investigations in accordance

I with DOE orders and OSHA requirements (29CFR 1910.120), whichever is the
most stringent. The type of training will depend on job functions and3 potential work hazards. All field personnel will receive training in first
aid and cardio-pulmonary resuscitation (CPR). In addition, training will be
provided in the following areas as appropriate: (1) radiological safety

I (including recommendations on limiting exposures during pregnancy); (2)
industrial hazard recognition; (3) use of protective equipment (including

respirators and clothing for Levels A through D); (4) decontamination
procedures; (5) emergency response; (6) fire safety; and (7) field survival.

The requirements for training are specific and require a minimum of 40 hours

formal classroom training, as well as a minimum of 3 days on-the-job.

3 Subcontractors may develop their own additional training programs to comply

with their company policy.
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4.5 EMPLOYEE MEDICAL PROGRAM

All personnel involved in field activities will participate in an employee

medical program. A medical program has been established for each of the DOE

contractor companies in accordance with the requirements of DOE Order

5480.8. Subcontractors will operate their own employee medical programs to

ensure a level of employee protection equivalent to the DOE system and/or in

compliance with any other regulations applicable to their operations.

I 4.6 RECORDS AND REPORTING REQUIREMENTS

4.6.1 Exposure and Medical Records

Employee exposure and medical records will be maintained in accordance with3 the requirements in DOE Order 5480.2B and 5484.1. Subcontractors will be

responsible for maintaining exposure and medical records for their own5 employees.

4.6.2 Unusual Occurrence Reports

U All unusual occurrences must be reported to the CERCLA Project Office in

accordance with DOE Orders 5484.1 and 5000.3. An occurrence is defined as

"any deviation from planned or expected behavior or course of events in
connection with any DOE or DOE controlled operation if the deviation has

3 environmental protection, safety, or health protection significance" (DOE

Order 5484.1). Reportable unusual occurrences include:

1 o Any substantial degradation of a barrier designed to contain
radioactive or toxic material or any substantial release of

* radioactive or toxic material.

3o Loss of control of hazardous or radioactive material.

o Accidents involving the transport of radioactive or toxic materials.

o Any fire or explosion which affects the integrity of the site or3 project.
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3o Any condition resulting from natural events or man-made activities
that substantially affects or threatens performance, reliability, or

safe operation (e.g. flooding, wind damage, soil stability problems,

I equipment malfunctions, personnel operation errors that create
hazardous conditions).

o Any incidence of breach of access control by unauthorized personnel.

Io Any acts of vandalism or major theft occurring at a site.

Uo Any release of contamination outside the controlled area.

*o Any injury or contamination to personnel.

In addition to the DOE reporting system, any subcontractors involved in

* unusual occurrences will be responsible for nay reporting requirements to

OSHA under the Occupational Safety and Health Act or any other reporting

requirements directly applicable to them (e.g. workers' compensation

insurance requirements).

3 4.7 EMPLOYEE INFORMATION

I DOE Form F-5480.2 "Occupational Safety and Health Protection (a Poster

outlining contractor responsibilities to provide safety and health3 protection ) and DOE Form F-5480.4 "Occupational Safety and Health Complaint
Form " (a form to be used in reporting violations) will be posted in

prominent locations at the workplace (but not necessarily at the field

site).

3 4.7.1 Employee Right to Know

All persons who may potentially be exposed to hazardous materials in the

work place must be fully informed of potential health hazards and safety
precautions. Warning notices shall be posted as appropriate. Procedures for3 employee right to know will be developed in the site specific RI/FS Safety

and Health Plan.
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3 4.7.2 Health and Safety Complaints

Employees are encourage to report any conditions or practices that may be

detrimental to their health/safety or that they believe are in violation of
applicable health and safety standards. Any imminent danger that potentially

* threatens life or serious physical harm should be brought to the immediate
attention of the appropriate supervisor. In the event of inadequate
corrective action, the CERCLA Project Office should be immediately notifiedI by telephone and an immediate inspection requested. Employees should
evacuate the area until corrective action is taken.

3 5.0 EMERGENCY RESPONSE

Generic guidance is provided in this section for preparing the site specific3 RI/FS emergency response plans for each individual CERCLA site field
investigation. These specific procedures will be reviewed and approved by

the appropriate personnel and organization prior to initial site entry. AllI personnel entering a site exclusion zone will be required to read and be
familiar with the emergency response procedures.

5.1 Emergency Contacts

Thi section in the site specific RI/FS Health and Safety Plan will provide

emergency contact information. The section will be placed on a separate page3 that can be copied and posted in prominent locations at the work site. Table

2 contains an example of the minimum emergency contacts to be identified and3 radio/telephone call numbers provided.

5.2 Emergency Contingency Plans

Emergency contingency plans will be included in the site specific RI/FS
Health and Safety Plan. The contingency plans will include specificI procedures to be followed in the event of specific types of emergencies. A

copy of these plans must be available at the work site at all times, and all3 personnel entering the exclusion zone must be familiar with the procedures.

The plans will designate responsible individuals, identify criteria for

evacuation, detail evacuation routes, establish procedures for emergency

treatment of victims, and indicate how to get emergency assistance.
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5.2.1 Fire/Explosion

I The site specific RI/FS Health and Safety Plan will provide procedures for
dealing with fire/explosion accidents. The following guidelines are provided

* as generic guidance:

o The Site Health and Safety Coordinator (SSHC) (or his alternate)I shall have the authority to coordinate all evacuations and emergency
response activities until the proper authorities arrive and assume3 control.

o All injured personnel and other personnel not trained in fire safetyI shall be evacuated.

3o The fire department shall be notified immediately.

o Personnel trained in fire safety may fight small, nontoxic fires.U All personnel shall evacuate an area with a large fire or a fire
generating toxic fumes.

o All personnel shall be evacuated and the fire department notified if

combustible gas meters show combustible gas concentrations

approaching the lower explosive limit.

3o In the event of an explosion, all personnel (including the injured)
shall be evacuated and no one shall re-enter the area until it has
been cleared by personnel trained in dealing with explosive

material s.

3o The occurrence shall be reported as specified in Section 4.6 of this

plan.
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* TABLE 2.0

EMERGENCY CONTACTS

U SITE SAFETY AND HEALTH COORDINATOR

*NAME: CALL:

FIRE CALL:

I AMBULANCE CALL:

3 POISON CONTROL CENTER CALL:

SECURITY CALL:

POLICE CALL:

1 YOU ARE LOCATED AT:

I THE NEAREST TELEPHONE IS LOCATED AT:

3 THE NEAREST EMERGENCY MEDICAL SERVICES ARE LOCATED AT (attach a map):
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5.2.2 Personnel Injury

I The site specific RI/FS Health and Safety Plan will provide emergency
procedures for dealing with accidents involving personnel injuries. The3 following guidelines will be incorporated as appropriate:

o In the case of an injury or medical emergency, the SSHC (or hisI alternate) will have the authority to issue orders for emergency
response and first aid assistance.

o Emergency first aid care will be initiated at the site by trained
personnel. Treatment of injuries involving life-threateningI situations or chemical burns/skin absorption should be initiated at
once. Victims of serious injuries should be transported to a medical3 facility as soon as possible.

o Whenever possible, one individual should remain with the victim whileI other personnel place necessary emergency phone calls and provide
other assistance.

o Minor injuries may be treated onsite by trained personnel. However,

* all injuries should be checked by qualified medical personnel.

o Heat stress may require first aid treatment. Heat stroke requires3 prompt treatment to prevent irreversible damage or death. Cooling
measures should be initiated and protective clothing removed as soon
as possible. Victims of heat stroke should be checked by qualified

medical personnel. Less serious forms of heat stress
(fatigue/exhaustion) should also be treated to prevent further3 compl ications.

o Victims of serious bites (i.e. rattlesnakes, spiders or scorpions)I and stings (allergic reactions) should be taken to the nearest
medical facility for prompt treatment. Personnel with known allergic3 reactions should notify the SSHC and carry allergy treatment kits to
the field with them.
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o Decontamination of injured personnel shall depend on the nature ofI the injury. Decontamination shall be conducted to prevent further
exposure as long as it will not aggravate the situation. Life-

threatening or serious injury situations shall always be considered

first.

Uo The occurrence shall be reported as specified in Section 4.6 of this

plan.

5.2.3 Personnel Contamination

U The site specific RI/FS Health and Safety Plan will provide emergency
procedures for dealing with personnel contaminations accidents. The

following guidelines are provided as generic guidance:

o The SSHC shall have the authority to issue orders for emergency

response and decontamination.

Uo External contamination of the skin shall be immediately
decontaminated in accordance with the procedures outlined in the

decontamination plan (including flushing with water as appropriate).

Victims of burns or skin absorption should be checked by qualified
medical personnel.

o Victims of internal contamination (i.e. through inhalation, ingestion

* or absorption) shall be immediately transported to the nearest

medical facility for emergency treatment. If the route of

contamination is by ingestion, a call should be made to the nearest

I poison control center and first aid treatment initiated as directed
by the center.

Uo Report the occurrence as specified in Section 4.6 of this plan.

I 5.2.4 Accidental Release to the Environment

* Emergency response measures for accidental releases to the environment have

been developed by each facility onsite. The procedures deal with both

emergency response (i.e., spill control, site evacuation and monitoring) and

reporting to DOE and the National Response Center as appropriate. The site
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specific RI/FS Health and Safety Plan will identify specific emergency

procedures for dealing with releases to the environment.

I The SSHC shall immediately notify the CERCLA Project Health and Safety
Officer. The notification shall include: the location and time of release,

* the type of release and estimated magnitude; and the immediate spill
containment procedures implements. The occurrence shall also be reported as

* specified in Section 4.6 of this plan.

6.0 ENVIRONMENTAL MONITORING

An ambient environmental monitoring program will be conducted at the CEROLAI sites as appropriate to evaluate ambient concentrations and estimate
potential doses to personnel and the public. The site specific RI/FS Health

and Safety Plan will designate sampling requirements, types and location of

samples requires, and the types of analyses requires.

U Wastewater collected from onsite activities and from decontamination
procedures will be sampled and analyzed prior to release from the site.
Prior to releasing the wastewater, radionuclide concentrations shall meet

the release requirements of DOE Order 5480.xx and other contaminants shall
be in conformance with the National Pollutant Discharge Elimination System

(NPDES) permit regulations.
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